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PREFACE TO THE NINTH EDITION 

The present edition of this book is in full conformity with the latest 
syllabi laid down for the Pre-Medical class by the universities of Panjab, 
Haryana, Himachal Pradesh, Jammu and Kashmir. It has been 
brought out after a careful and extensive revision of the entire text. In 
this edition, certain topics including, among others, cell structure and 
DNA, have been rewritten and a few, like theories of evolution and 
heredity, have been elaborated in order to make them more comprehen- 
sive and bring them up-to-date. Important additions and alterations 
have been made here and there in the text. Subheadings have been 
introduced in lengthy topics so that the points discussed are easily picked 
up by average students. Several tables giving comparative account of 
important topics and animals have heen incorporated for the conven- 
ience of the students. Some figures have been redrawn and a few new 
ones added to supplement the text in a better way. Style of the general 
survey has been slightly modified. The external characters of at east 
one representative from each of the phyla and chordate c asses, w lose 
types are not included in the syllabus, have been described in detail 
for better understanding of these groups. Glossary of technical terms 
and Index, so essential for a science text-book, have been appended at 
the end. With all this, the book now has 520 pages and 28 tables. 
Language has been simplified wherever found necessary. Effort has 
also been made to reduce the printing errors to the minimum. 

All these alterations and additions, will, it is hoped, enhance the 
usefulness of the book. 

The authors are grateful to their colleagues for the suggestions 
given for the improvement of the book and request tor more which will 
be duly acknowledged. 
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PREFACE TO THE FIRST EDITION 


This text-book of Zoology has been designed to meet the needs of 
the Pre-Medical and B.Sc. Part I students of the Indian Universities. The 
book contains thirty seven chapters dealing with the various aspects of 
zoology. The first two chapters are devoted to the fundamental facts of 
the subject', namely, meaning and scope of zoology, characteristics of 
life, organization of the animal body, etc. The study of these chapters 
will prove helpful in understanding the subsequent topics. The third 
chapter contains the account of Histology of frog. This is followed by 
the description of some important animal types These types cover the 
next eighteen chapters, one each for Amoeba , Malarial parasite, Parame- 
cium , Obelia , Earthworm and Cockroach and twelve for the Rabbit, one 
for each of the main systems of the body. Then a chapter is devoted to 
the Principles of Classification and Nomenclature. The succeeding ten 
chapters contain the General Survey of the Animal kingdom, one chapter 
for each phylum. This is followed by the synoptic classification of the 
Animal kingdom in an independent chapter. The last four chapters are 

confined to the General Zoology — Variations, Heredity and Evolution. 

% 

Attempt has been made to incorporate the latest views on the subject 
with special reference to the reproduction of Amoeba, Paramecium and 
Plasmodium. The recent investigation regarding the digestion of food in 
cockroach has also been included. The anatomy of Rabbit has been 
described in detail. Special emphasis has been laid on the physiology of 
the various organs of this animal. The course of the blood through the 
body with the materials it collects from or distributes to the major 
organs has been represented by a figure in a simplified manner. A brief 
description of the heart and eye of sheep has been included for the con- 
venience of the students. In the General Survey of the Animal kingdom, 
besides the characteristic features of the main groups, brief ecological 
notes covering the habitat, habits and important features of zoological 
interest have been given in respect of their common representatives. 
This would facilitate the students to study the specimens with the aid of 
this book. Economic importance of main groups of animals is also 
given to reveal the relation of animals to man. The survey of the 
a ° lm u al k'nsdom has been concluded with its synoptic classification in 

which eftort has been made to give the correct pronunciation of each 
technical name. 


• • 
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A special care has been taken to use simple language for the con- 
venience of the students. The book has been profusely illustrated to 
supplement the reading comprehension. The diagrams are simple and 
clear. The more convenient system of direct labelling has been follow- 
ed in the figures for saving the time of the readers. Technical terms 
have been explained where they occur for the first time in the text. At 
the close of each chapter, test questions are given to enable the students 

to test their grasp of the subject. 

The diagrams given in this book have been made by Sh. Roshan Lai, 
the artist. 

We are grateful to Mrs. J.K. Dharai, Head of the Dept, of Zoology, 
Government College for Women, Ludhiana, for her many valuable 
suggestions in the formation of this book. 

The authors would thankfully receive the suggestions from the fellow 
teachers for the improvement of this book. 


24 . 6 . 63 


N.K. Gupta 
P.S. Dhami 
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CHAPTER 


Meaning, Scope and 
Importance of Zoology 
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sciences include physics, chemistry geotogy, a 
biological sciences comprise zoology and botany. 


Science 

I 


Social Sciences 


Natural Sciences 


Physical Sciences 

1. Physics 

2. Chemistry 

3. Geology 

4. Meteorology 


Biological Sciences 

1. Zoology 

2. Botany 


I. Meaning of Biology, Zoology and Botany 

Biology deals with the study of living objects (Greek ■ bios - We . 

snaisfs- 

study* Botany is the study of plants (Gr. botane - plan ). 





ZOOLOGY 


2 

* 

II. Scope of Zoology 

Zoology has a wide scope. It deals with all the aspects of animal 
life. It describes-their habits, structure, bodily functions, development, 
distribution, origin, clssification, relation with one another and with 
environment, past history and economic importance. The study of each 
aspect forms a separate branch of zoology. The main branches of 
zoology are given in the table below — 


TABLE 1 

Important Branches of Zoology 




MEANING, SCOPB AND IMPORTANCE OF ZOOLOGY 


1. Economic Value. Study of zoology has a good deal of economic 
value for mankind. 

(/) It forms an essential background for the study of medicine, den- 
tistry 1 , nursing, veterinary 2 science, agriculture, fishery, poultry 3 , dairying, 
dietetics 4 , sericulture 5 6 , bee-keeping, insecticides 8 , conservation of wild life, 
etc. All these sciences are, in fact, the applied branches of zoology. 
They cannot be studied without a knowledge of the morphology, 
physiology, ecology and natural history of animals. Zoology, thus, 
indirectly helps in promoting human health, food and clothing. 

(//) Some branches of zoology directly help man, <?.g. genetics aids in 
improving the race of domestic animals and man himself, taxonomy 
enables us to identify the pests and parasitology suggests the control of 

parasites. 

(///) Many animals are beneficial to man. They serve as means of 
transport and beasts of burden, help in agricultural operations, destroy 
harmful animals and plants, pollinate flowers, act as scavengers 7 , and so 
on. A knowledge of the structure, habits and requirements of these 
animal friends acquired from zoology enables us to maintain and use 
them in a better and scientific way. 

(i'v) Certain animals provide useful articles like leather, fur, wool, 
ivory, pearls, oil, shellac, honey and medicines. The study of the animals, 
which furnish the useful materials, goes a long way in imporving the 
quality and quantity of the products. 

(v) A few animals are employed in scientific research and the results 
obtained are applied to man. Our knowledge of heredity, vitamins and 
enzymes has gathered through experiments on fruit flies, rats and dogs 
respectively. Drugs are first tested on animals before being used tor 
treating man. Animals preceded man in the outer space. 

(v/) A few animals are harmful also. The predators devour useful 
animals, parasites cause diseases in them and poisonous ones sting them 
to death. The herbivores destroy crops, fruits and trees. Still others 
damage human possessions. A study of animal foes (where they live, 
how they attack and how to keep them away) can save ourselves, our 
animal friends and our belongings. 

(v/7) Above all, zoology provides a variety of jobs. Teaching and 
research jobs, professions connected with the applied branches ot 
zoology, employment in the industries dealing with animal products and 
occupations like animal breeding and selling are all gifts of zoology. 

2. Aesthetic Value. Zoology is a subject of considerable interest. 
The variety exhibited by animal life in form, colour, pattern, behaviour 
and call notes, is a source of unending amusement for many a person. 
Keeping pets, maintaining aquaria, bird watching and shell collection 


1. Concerning teeth 

2. Domestic animals 

3. Domestic fowls 

4. Food 


5. Silk production 

6. Chemicals that kill insects 

7. Cleaning agents 
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•are pleasurable hobbies, which can be better pursued with an elementary 
knowledge of zoology. The art of stuffing birds and deer heads tor 
decoration and colour pattern on cloth and paper have a bearing on 
zoology. The fundamental knowledge of zoology enables man to acquire 
or expand aesthetic appreciation of nature and enjoy life. 

3. Literary Value. Natural history, which is a branch of zoology 
has enriched literature. Beautiful and interesting animals, particularly 
birds and butterflies, have inspired many poets to write poems. Animals 
figure in several stories and dramas. They are quoted in scriptures for 
the human beings to derive lessons from their life. The behaviour of 
certain animals has given proverbs like 4 snail’s speed’, crocodile tears , 
‘sluggish fellow’ ‘fish out of water’ and so on. 

Besides this, zoology has revealed unity of all living things. It has 
enabled man to determine his own place in nature and to adjust him- 
self better to his environment. It has dispelled many superstitions and 
fears by explaining the mysteries responsible for them. It has disclosed 
the origin of life and its ever-changing nature through the concept of 
organic evolution. 

Above all, a student of zoology learns the scientific method, which 
helps him in his job throughout his life. 

TEST QUESTIONS 

1. What is science? Define biology, botany and zoology. Enumerate the various 
branches of zoology and mention the subject they deal with. 

2. Discuss the importance of zoology. 

3. Explain the following terms : — 

Scavenger, Predator, Herbivore, Sericulture, Anatomy, Taxonomy, Aquarium, 
Parasite, Morphology, Natural Sciences. 


CHAPTER 
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Living and 
Non-Living Things 


The various things found in the universe may be divided into three 
categories : living, non-living and dead. A living thing is one which 
possesses life like a horse or a mango plant. A non-living thing, on 
the other hand, lacks life as a rod of iorn or a piece of stone. A dead 
thing is that which once possessed life but has since lost it. For 
instance, a wooden table is a dead thing as it is composed of wood 
taken from a tree, which at one time was a living organism. A leathei 
shoe is like-wise a dead thing. It is made of skin removed from the 
body of an animal, which once was a living creature. It is to be noted 
that a dead thing is simply a changed form of the living thing. There 
are, thus, actually only two kinds of things : living and non-living. 


What is life? 

It has been mentioned in the above para that the living things 
have life. But, what is life ? This is the question almost as old as 
man himself. Both philosophers and scientists have been trying to 
find out an answer to it since long. Two views have emerged. from tins 
long thinking. These are vitalistic view and mechanistic view. The 
vitalistic view is very old. According to this view, life is due to some 
mysterious and imperceptible force working in the material of which the 
living organisms are composed. This view is unscientific and has been 
replaced by the mechanistic view. According to the mechanistic view, 
life is due to the result of various physical and chemical changes 
constantly occurring in the living material. The problem is not uly 
settled and it is not possible to give a satisfactory definition of life 
However, the ways in which life manifests itself, i.c. the activities of 
living organisms, are known and zoology is mainly concerned with the 
study of manifestations of life, in other words, activities of animals. 

Characteristics of Life 

• The living objects possess certain characteristics or properties, which 
are not found in the lifeless matter. These are briefly discussed below— 
A Definite Shape and Size. The living objects have a constant 
shape and a fixed average size. All cats, for instance, have a def.m e 
size and an unmistakable form. Similarly, all wheat plants can be readily 
recognized-from their size and shape. The non-living objects vary 
considerablv both in form and dimensions. Water may vai> ron T * . 
drop to an ocean and it may have any form. A piece of stone likewise 

varies both in from and size. 
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*2. Movement. The living objects have the power to 
parts and many can bodily move from place to place. The 
objects are, as a rule, motionless. They remain where they ; 

' A few lifeless objects also show movements, e.g. water flows in a 
river and railway engine runs on the track. But the movements of non- 
living objects are different from those of the living organisms. 1 be torce 
responsible for the movements in a living object arises within its hoay. 
Movement in a non-living body is, on the other hand, induced by some 
outside force. Water flows in a river frcm a higher to a lower level oy 
the force of gravity. Engine runs on the track with the energy ot the 
fuel, which is not a part of the engine. The movements of living objects - 
are, thus, autonomic or spontaneous, whereas those of the non-living 
ones are paratonic or induced. 

c 3. Growth. The living objects grow' in size. Their growth shows 
three features : (i) It is permanent increase in dimensions. (//) It occurs 
at the cost of substances different from their own body materials . (w> 
It involves the addition of new parts between or within the older ones. 
This type of growth is called intussusception. The non-living objects da 
not show growth in the real sense. 

Certain lifeless things may increase in size under special circumstan- 
ces, e g. iorn rod becomes longer on heating. This is, however, not 
growth as the increase in length is not permanent. The rod returns to 
original size on cooling. Crystals of copper sulphate become larger when 
put into a saturated solution of copper sulphate. This again is not a 
true growth. The crystals have increased in size at the cost of material 
similar to themselves and moreover they have added more copper sul- 
phate to themselves externally. Such an increase is called accretion. 

*/4. Metabolism. Two types of chemical processes constantly take 
place in the living bodies. These are called anabolism and katabolism. 
Anabolism involves the formation of new body-material from the 
food. It also results in storage of food or energy. It is, thus, a building- 
up process. Digestion and assimilation of food are important anabolic 
processes. Katabolism is a break-down process. It leads to the 
consumption of food and break-down of tissues. Respiration and 
excretion are instances of katabolism. Anabolism and katabolism 
together constitute metabolism. The organism grows if anabolism 
occurs at a higher rate than katabolism, while it becomes weak and 
finally dies if katabolism occurs at a higher rate than anabolism. Meta- 
bolic processes are lacking in the lifeless matter. 

:/5. Irritability. The animate objects react to changes in their 
environments. Their reaction is called a response and the change in 
the environment, which causes the reaction, is known as a stimulus 
(plural stimuli). The power of showing response to external stimuli is 
termed irritability. This power enables the living organisms to adapt or 
adjust themselves to the changed circumstances. Withdrawing one’s 
hand, when pricked with a needle and closing of the leaves of the sensi- 
tive plant, when touched are examples of irritability. Non-living objects 
are ordinarily not irritable. A piece of rock or paper neither moves nor 
cries, when cut into parts. 


move their 
non-living 
t re placed. 
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LIVING AND NON-LIVING THINGS 

Some non-living things, however, respond to change in their sur- 
roundings. Metals contract with decrease in temperature, water boils 
when heated, butter melts on heating, chemicals break up into their 
constituents when given necessary energy and so on. The responses of 
living objects differ in their mechanism from those of non-living ones. 
The non-living things react by changes in their own physical or chemical 
nature. In contrast, the living objects respond without changing their 
form, either physical or chemical. Their responses are mostly through 

movement or secretion. 

/ 

*^6. Reproduction. Every living object produces another individual 
of its kind in order to multiply its number. A cat produces kittens 
and tree seedlings. This activity of life is called reproduction. There 
is no reproduction in inanimate objects. A watch never gives rise to 
another watch. 

7. Regeneration and Healing. Living objects often replace parts 
of their body. For instance, plants periodically shed leaves and regrow 
them ; animals constantly lose cells covering the surface and lining 
the alimentary canal and replace them. The living objects can also 
repair their injuries. The non-living things cannot do so. A bicycle 
damaged in an accident is never repaired automatically, while injuries 
of the cyclist are naturally healed up in due course ot time. 

8. Definite Individuality. The living objects exist as complete 
units. They cannot be kept as parts. We can have half a brick or three- 
fourth of a piece of chalk, but cannot keep half a cow or three-fourth 
of a frog. 

9 Organised Life-cycle. The living objects have a definite life-cycle 
consisting of different stages, which follow in a regular order. There is 
birth, growth, maturity, senility or old age and death. There is no 
orderly cycle of changes in non-living things. 

10. Adaptability. The living objects have the power to develop 
variations (changes) in their bodies. This enables them to gradually 
become better equipped for the struggle for existence. The lifeless 
things do not change. 

11. Co-ordination of Parts. The parts of a living body work in a 
perfect harmony for the benefit of the organism. Non-living objects do 
not l)ave a unified behaviour. 

^ 12. Cellular Structure. The living objects are composed of micro- 
scopic units, the cells, which are in turn formed of a living material, the 
protoplasm. The protoplasm and the cells are not met with in the 

non-living objects. 

TEST QUESTIONS 

1. Enumerate the characteristics of life and discuss them briefly. 

2. What are -vitalistic’ and ‘mechanistics’ conceptions of life? How can jou 
distinguish the living from the non living things ? 

3. What is the difference between a dead thing and a non-living thing ? 

4. Explain the terms 

Anahnlkm Stimulus. Prntonlasm. Intussusception, Reproduction. 



CHAPTER 

Animals and Plants 




I. Differences 

It is quite easy to distinguish between the higher forms of 
animals and plants. Everyone knows the difference between a cow 
and a tree. The tree is fixed and does not note our presence. The 
cow, on the other hand, moves about and notes our approach. Distin- 
ction between the lower forms of animals and plants is. however, very 
difficult as thev merge into one another. Moreover, there are certain 
organisms, which are regarded as animals by zoologists and as plants 
by botanists. These * ‘plant animals” are green flagellates like Euglena 
(Fig. 27.1). In fact, no clear-cut difference exists between animals and 
plants. This is because of their common origin. 

The following differences may be cited between the animals and 
plants : — 

1. Form and Size. Both animals and plants have a definite form 
and size. This is because both are living objects. However, the form 
and size are more constant in animals than in plants. Exceptions occur 
in both the cases. Amoeba is an animal with a variable form and des- 
mids are plants with a definite shape. 

2. Movement. Animals can move their parts and most of them 
have also the power of going from one place to another in search of 
food. Certain animals, like sponges and corals, are, however, fixed. 
Plants can only move their parts. They are mostly rooted in the soil 
and are incapable of locomotion. This is because, being autotrophic, 
they are not to go about in search of food. Some plants, like Chla- 
mydomonas , swim in water freely. 

3. Growth. Growth takes place differently in animals and plants. 

(a) In animals, growth takes place proportionately in all parts of 
the body. In plants, however, growth is localized at the tip of the 
stem and a little behind the tip of the root. This is because the animals 
do not possess unspecialised cells and grow by the division of specialised 
cells, whereas the plants have a reserve stock of unspecialised cells, 
called t'ne primary meristematic cells, which alone divide for growth. 

(b) Animals stop growth after the size fixed for the species is 
reached, but plants continue growing as long as they live. This is why 
the larger living objects are among The plants. The largest plant in the 
world is a cypress called Big Tree of Tide. It is growing in Mexico 
and its trunk is 15 metres in a diameter. 
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ANIMALS AND PLANTS 

(c) In animals, growth consists merely Mother han i d" plant s continue 

hke branches and leaves, 

4. Metabolism. Metabolic activities occur differently in animals 

(0 Animals «o»l» «*< 

which they are ultimately dependent on he plants. P minera l 

take simple inorganic substance ‘ 1'^™^^ own body. This is 
salts and prepare organic food fr mattef or chlorophyll and 

achieved with the help , r n hotosvnthesis The plants are. thus, not 
sunlight. The process is called photoswmesis P Feedjn? on organic 

dependent on the : anima s for ^ ho , ozoic or heterotrophic nutrition 

Synthesis of food from inorga ™^ fo°r Taking 

?o^7SnT h to»fno ’e" iffl Animal, can lake solid food, where., l» 
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essential materials and do not defaecate. ^ nitro2 enous waste 

(c) Excretion. Excretion 's he an excretor y system for 

material from the body, \mmdswna\y ^ occasi onally get rid of 
S i0 miterSl an by shedding leaves and bark in which it is eP™ c 
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A “ 

don't do this. i'- - S vstem and sense 

5. Irritability. Animals usu ^ quickly to the changes in their 

organs. They, therefore, respond v y ^ and sellse . organ s. Con- 
surroundings. Plants ac . s ome animals, like sponges, u'- 

sequently, their res P on a s n e . 1S '^.organs and are no more sensitive than 
no nervous system and sen have receptor organs m 

plants. A few P ants ;'’ k ® "very sensitive to light. 

form of pigment spots and ar y duction j s wide-spread m 

6. Asexual Reproduction. Ase x f 1 P d ^ group3 (some 
plant world. In animals, it occurs oni 

. Power of ««S* 

wounds only. rhloronhvll whereas the plants 

8. Chlorophyll. Animals Mtly ck *! ph> ^ bQth the sldes . 
usually have it. Exceptions are, however, 
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Euglena and Volvox are green animals and fungi and bacteria are non- 
green plants. 


9. Surface Area. Animal body is usually unbranched and most of 
its organs are internal. Some, like sponges and coelenterates, are 
exceptional in having a branched body. Plant body, on the other hand, 
is mostly branched and all of its organs are external. This increases the 
surface area of the plant- body to receive more sunlight, which is very 
essential tor it. Certain plants are, however, unbranched, e.g. palms. 

10 Reserve food. Organisms store food in their bodies to ensure 
continuous supply ot energy during unfavourable conditions. The chief 
reserve food is glycogen in animals and starch in plants. 

11 . Cell Structure. (/) Animal cell is enclosed in a thin, delicate, 
living membrane. This makes the animal body soft and flexible. The 
plant cell is bounded by a thick, rigid and dead wall formed of cellulose. 
This makes the plant body hard and woody. (/V) Plant cell contains a 
large sap vacuole, which has no counterpart in animal cell. (7/7) Animal 
cell usually contains a centrosome, whereas the plant cell usually lacks it. 
(/r) Plant cells usually have many types of crystals in them. 
In the animal cell, the crystals occur only abnormally, (v) Lastly, the 
animal cel is are bathed in a solution containing sodium chloride, which 
is generally toxic for the plant cells. 


Organization. Animal body is more highly organized than the 
plant body, having a greater number of tissues, oreans and systems in it. 

fnnHnmp V'f f 5 ,re ; going discussion. it may safely be concluded that 
iwlv fn™ S1 ™danty exists between animals and plants. They collect- 
ion,, nhi,'A tht T , organ ' c " or ld. They possess all the characteristics of 
h mg objects. They obey the same rules of heredity and they have 

1 h, difllrentwa U s 1 ' ns- 0 ^ lar ^ They on,y P ar,Vora their activities 

Ihus se-ms o b-' S v^ 1 struc ‘ ures for similar purposes. There, 

separately except for that of convenient. ‘ reat ' nS ^ an ' ma ‘ S aUd pla ° ts 


II. Interdependence 

menu nim Neit a her ° n each ° ther for many of *«r require- 

survive without the aSs' ““ ^ W ' ,h ° Ut P ' antS noi ‘ the ^ ca ° 

for food I Jenerg d y) n 1heftet , ind a, oxfgen PlantS ' AnimalS depC ' ld ° n pIants 

organic food fromsTainle hfor a l ready vf tated ’ r, 16 green plants prepare 

and mineral salts hv mC substances like water, carbon dioxide 

energy f 0 V their mtt’abo'lic acti dties The thlS f °° d - lhey derive 

and, therefore, depend on The animals are unable to do this 

herbivores (plants eaters'! nn Hr . green Pjants for food (energy) . The 

plants. These animals includ™ (fruit eaters ) directly depend on 

many birds and several mammal Ih of some fishes, 

depend on plants for food, but indirect^ ST? (flesh eaters) also 
which in <* rn eat plants ^ p- ti,, .• ct ' , They feed on other animals,. 

plantS ’ eg ‘ tlle hons ta ^e deer that flourish on grass. 
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ANIMALS AND PLANTS 

2 Shelter Plants provide shelter to a variety of animals. Some 

monkeys live on the trees, while larger ones rest under them m sun and 
• 

rai 3 Oxygen. Green plants absorb carbon dioxide from the atmosphere 
retain carbon for use in food synthesis and release oxygen. Thus, they 
Durifv the air for the animals to breathe. 

ju sssr&'as issmsawis. *. 

a. K-- o[ 

3. Dispersal. Plants, being rooted in to plants 

sending their progeny to new loeahtie . ‘ y § , - rrels> bats, rats, 

cte!) ^gathw f ruits^of ° plants ‘for eating and scatter their seeds over n.w 
"‘T Fowl. Animals 

ssr 

ss-jkj- - -- Bo 

5. Ploughing of Soil. 

moles and rabbits, make t e S0 ^P^ t0 penetrate for killing 

for the respiration of roots, allows^ su of water and 

ea a sTpenet n ratmn g of £ots. AH this promotes plant growth. 

TEST QUESTIONS 

1 Discuss the differences between animals and Plants. 

Lo E rS: he ~.Sr Autotrophic and Hetcrotrophic Nutrition, 
Def r^tS=e P endence of animals and plants. 


CHAPTER ■ 

Cytology 


Cell Principle 

It has been stated earlier that the living objects are composed of 
units called cells. The cells are usually extremely small and invisible 
to the naked eye. Therefore, their existence became known only 
after a magnifying instrument, the microscope, was invented. They 
were first seen in a thin slice of cork (aplant tissue) by Robert Hooke, 
an Englishman, in 16(35. They were subsequently seen in many animals 
and plants by other workers. In 1838 - 39 , two famous German biolo- 
gists, namly, Schleiden, a botanist, and Schwann, a zoologist, separat- 
ely put forward the cell theory. This theory stated that all living 
objects were built of cells. The cell theory has now been slightly 
modified. In the modified form, it has been found to be universally 
true and, hence, given the status of the cell principle. The cell principle 
states that all organisms are composed of cells and their products. 
The intercellular substance found in many tissues is not cellular, 
but secretion or product of cells. 

The cell is not only the unit of structure in a living object, but also 
a unit of function. All the activities like digestion, growth, respiration, 
response to stimuli, reproduction, etc. of even the most complex 
organism, in final analysis result from its cells. Further, a cell is the 
minimum biological unit capable of maintaining and propagating itself. 
Each cell, though integrated with the functioning of the body as a 
whole, can act independently of others. A cell may grow, secrete, 
divide or die. while its adjacent cells may be in a different physiological 
state. 

The study of cell is known as cytology. 

Protoplasm 

Protoplasm is the living material of which the cells are formed. 
It carries on the metabolic activities of the living objects. So long as 
the piotoplasm is able to carry on metabolic activities, the orsanism is 
alive ; the moment these activities cease, the organism dies.^ Life is, 
therefore, simply the activities of protoplasm, Huxley (1868) has, thus, 

'f 7f a ” Pr ° pnate y descr,bed the P rot °piasm as the ‘ physical basis 


Protoplasm differs from organism to organism and even in different 
organs of the same organism. Thus, the protoplasm of a frog is 
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different from that of a rabbit and the protoplasm of the liver differs 
from that of the kidney. Yet, the protoplasm of all organisms has 

some common properties. These 
properties are of three types : physi- 
cal, chemical and biological or phy- 
siological. 

I. Physical Properties of Pro- 
toplasm. 

1. Appearance. Living pr° t0 " 
plasm is a slightly greyish jelly, 

which is transparent or translucent, 
somewhat viscous but capable ot 
flowing, and a bit heavier than 

water. 

2. Structure. Early investigators 
studied dead stained protoplasm and 
formulated the following theories 
about its physical nature (Fig. 4.1). 

(i) Granular theory according 

to which protoplasm consists ot fine 

granules evenly distributed in liquid 
medium. 

(//) Fibrillar theory which gives 
protoplasm the appearance of threads 
suspended in fluid. 

(Hi) Reticular theory in which 
protoplasm is thought to be com- 
posed of network with the meshes 

filled with a liquid. 

(iv) Alveolar theory which des- 
cribes protoplasm as a viscid matter 

^ —11 i > • A filler! cn? 




RETICULAR 


ALVEOLAR 



SOL STATE 


GEL STATE 


COLLOIDAL 


Fig. 4.1. Physical structure of 
protoplasm 


=g P n°u= small fluid-filled spaces or alveoli in it. 

The different and sffi 

S eS co a a r g e ulaTt d h e e d &$£? These theories, therefore, have 
historical value only. 

me .»d sKrss 

a colloidal solution of organic compou (pr ds (sa i ts and 

molecular solution of both inorganic and g c P h !iquid may 

s”’. ri! k : 

C,‘ 1 «rp.°S., P *S Ito 0-000.001 » ■>»«•«- 
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form a clear, transparent mixture called the true or molecular solu- 
tion. Substances that form true solution are called crystalloids. 
Sucar and table salt produce such a solution in water. Very large 
particles, larger than 0-000,1 mm., form a turbid or opaque 
mixture known as the suspension. The particles of a suspension settle 
out in response to gravity if it is kept undisturbed for some time. 
Muddy water contains clay particles in suspension. Particles intermediate 
in size between those of a true solution and a suspension, i.e. from 
0 # 000,001 to 0-000,1 mm., form a somewhat cloudy or translucent 
mixture termed the colloidal solution. A colloidal solution is stable 
and its particles do not settle out on standing. It often has a sticky 
glue-like consistency, hence its name (Gr. Kolla = glue ; eidos=form). 
Substances that form colloidal solution are called colloids. 

3. Change in Consistency. The consistency of protoplasm varies 
under different conditions from a more fluid sol state to a more solid gel 
state and vice versa This change is brought about by a variation in 
the distribution of colloidal particles. When the particles are evenly 
distributed in the liquid medium, the mixture can flow easily and is 
said to be in a sol state. When the particles are arranged in a 
net-work with the liquid filling the meshes, the mixture becomes 
semisolid gel and stops flowing. 

4. Formation of Surface Membrane. The protoplasm forms a thin 
limiting membrane at the surface. This membrane regulates the 
passage of materials into and out of the protoplasm. 


II. C hemical Properties of Protoplasm. Protoplasm contains about 
twenty elements, viz. oxygen, carbon, hydrogen, nitrogen, calcium, 
phosphorus, potassium, sulphur, chlorine, fluorine, sodium, magnesium, 
iron, copper, cobalt, zinc, silicon, manganese, iodine and nickel. Of 
these, the lirst four are the principal elements as they alone constitute 
about 95'' 0 of the protopluMn. The next nine elements form a little less 
than the remaining 5% of the protoplasm. The last seven are the trace 
elements. All the elements, except oxygen, occur in the form of 
chemical compounds, both organic and inorganic. All the contituems 
of protoplasm by themselves arc non-living, but. together, they produce 
living substance. This is possible only in !i\ing objects. 

J. Inorganic Coni pound ». Inorga-ve compounds of the protoplasm 
include water, salts, and ga*es. 

1. Water. Water lorms about SO' ,, of the protoplasm. It serves 
many important luneiions. It acts as a solvent in which other com- 
pounds arc dissolved or suspended. It enables the chemicals (food, waste 
materials, etc.) to move through the protoplasm. Its property of break- 
ing many compounds into ions helps in bringing about chemical 
reactions. It keeps the organs moist to give them free movement upon 
each other. It protects the protoplasm from sudden changes in the 
temperature ot the surroundings as it neither absorbs nor loses heat 

easily Its high surface-tension imparts consistency to '’protoplasm. In 
fact, it is essential for all life activities. 
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2. Inorganic Salts. Inorganic salts form only 1 —2% of the proto- 
plasm. The main salts are chlorides, carbonates, phosphates and sul- 
phates of calcium, potassium, sodium, magnesium and iron. They 
regulate the vital functions of the cell. Tney also maintain osmotic 
pressure in the cell. 

3. Gases. Gases like oxygen, nitrogen, carbon dioxide and ammo- 
nia are found dissolved in the protoplasm. The first two diffuse into 
the protoplasm from the atmosphere and the latter two are by-products 
of the chemical reactions occurring in the protoplasm. Oxygen serves 
to release energy by oxidation of foods. Carbon dioxide is produced 
during oxidation as a waste material and is eliminated. Nitrogen, 
being inert, takes no part in cell reactions. 

II. Organic Compounds. Organic compounds of the protoplasm 
include carbohydrates, lipids, proteins, nucleic acids, enzymes and 
regulatory substances. 

1. Carbohydrates. Carbohydrates form only about 1—2% of the pro- 
toplasm. They are compounds ■ of carbon, hydrogen and oxygen. 
Hydrogen and oxygen always occur in the ratio of 2 : 1 as in a mole- 
cule of water. The carbohydrates include sugars and starches. 

(/) Sugars. The sugars are simple carbohydrates. They mainly act 
as fuel, liberating energy by oxidation. They are of two types . single or 
simple sugars, called monosaccharides, having 2 —6 carbon atoms and 
double sugars, called disaccharides, formed by the combination of 
two monosaccharide molecules. The important single sugars are 
pentoses like ribose and deoxyribose and hexoses like glucose and 
fructose. The important double sugars are sucrose, lactose and maltose. 

(//) Starches. The starches are complex carbohydrates. They are 
formed by the combination of several monosaccharide molecules. They 
serve two functions of diverse nature, viz. support and storage. I he 
common starches are chitin and cellulose, which serve for suppoit and 
glycogen or animal starch that forms reserve food. When required, 
•glycogen can change into sugar for use as a source of energy. 

2. Lipids. Lipids form about 3—7% of the protoplasm. They are 
compounds of carbon, hydrogen and oxygen like carbohydrates, but 
have lower oxygen content. They include fats, waxes, steroids and four 
fat-soluble vitamins, viz. A, D, E and K. The fats are composed of fat- 
ty acids combined with glycerol. They are greasy in nature. They may be 
solid at ordinary temperature like bacon fat or liquid luce cod or slunk 
liver oil. Fats serve both as fuel and as components ol protoplasm 
They produce much more energy per gram than the carbohydrates and 
thus form better food-reserves. Fats have other uses also. They form an 
insulating layer under the skin in polar bears and whales and form 
protective and shock-absorbing cushions around eye-balls and kidneys. 
They also form nuclear and cell membranes and control the passage ol 

materials in or out of protoplasm. 

Special form of lipids, called phospholipids, occur in mitochondria 
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and microsomes. They have nitrogen and phosphorus besides glycerol 
and fatty acids. They help in cell metabolism. 

3. Proteins. Proteins form about 10—30% of the protoplasm. They 
are compounds of carbon, hydrogen, nitrogen and sulphur. Some have 
traces of phosphorus also. The molecules of proteins are extremely 
larse because they are formed of innumerable links, the amino acids, 
ioined together. The linkage of two amino acids is known as a dipeptide, 
of three, a tripeptide, and of many, a polypeptide. When very large, 
the polypeptides, are called peptones. The peptones combine to form 
the proteins. The proteins are of two types according to the shape of 
their molecules : fibrous and globular. 

(/) Fibrous Proteins. The fibrous proteins have amino-acid chains 
spirally wound to form fibres. They are insoluble in water and are 
contractile. The common examples are : collagen of connective tissues, 
myosin of muscles and keratin of hair, claws, feathers and horns. 

(//) Globular Proteins. The globular proteins have amino-acid chains 
coiled about themselves to form spheres. They are soluble in water and 
are noncontractile. The common examples are albumen or white of eggs, 
haemoglobin or red colouring matter of blood, most enzymes and large 
portions of hormones. 

The proteins are specific in occurrence, i.e. every species of animals 
and plants possesses a set of proteins found in no other living thing. 
Closely related (very similar) organisms share many of their proteins 
with one another, whereas distantly related (dissimilar) organisms share 
few. 

The proteins primarily serve to build the protoplasm. Besides this, 
they also help in forming enzymes and hormones and in releasing 
energy by acting as fuel. 

4. Nucleic Acids. Nucleic acids form about 2% of the protoplasm. 
They are compounds of carbon, hydrogen, oxygen, nitrogen and 
phosporus. They have large complex molecules with high molecular 
weight (ovef 1.000,000) and composed of numerous (12,000) smaller 
molecules. Two nucleic acids are known : ribonucleic acid and 
deoxyribonucleic acid. The names of these acids are generally 
abbreviated to RNA and DNA respectively. They were first observed in 
the nucleus, hence their name. The ribonucleic acid is now known to 
occur in the cytoplasm also. It helps in the synthesis of proteins. The 
deoxyribonucleic acid in combination with proteins forms the chromo- 
somes, which carry the hereditary material of the organism. It is, thus,, 
responsible for heredity. It also controls cell metabolism. 

5. Enzymes. Enzymes are mostly protein in nature. They exist in 
the living protoplasm and there is a very large number of them in every 
cell. They enable the protoplasm to carry on the multitude of its 
chemical reactions at ordinary temperature. They are specific, are need- 
ed in traces and themselves remain unchanged in the reactions they 
cause in other substances. They are consequently described as the 
organic catalysts. They mostly work within the cells, but a few like 
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ptyalin, pepsin, amylase, etc. are discharged into the digestive tract, 
where they produce chemical reactions in the food. 

6. Regulatory Substances. These substances include vitamins and 
hormones. These substances occur in very small amounts, but play a 
very significant role in the maintenance of normal metabolism of the 
living material. 

III. Biological or Physiological Properties of Protoplasm. Biologi- 
cal properties of protoplasm include the activities that show life in 
organisms. These properties have been discussed in chapter 2. 


Cell Structure 

Recently the electron microscope has greatly added to our know- 
ledge of cell structure gained earlier with the help of a compound micro- 
scope. Figure 4.2 shows most of the bodies visible in animal cells 
under a compound microscope, while the figure 4.3 represents the 
structure of an animal cell based on electron micrographs. 
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Fig. 4.2. An animal cell 


Cells vary greatly in size, shape, function and even internal structure 
not only in dilferent animals but also in different parts of the same 
animal. In fact, there are many types of cells like epithelial, muscle, 
nerve. The following account does not pertain to any particular type of 
cell, but giv structures common to most cells. 

A cell i: ccmposed of the living material called protoplasm. The 
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protoplasm is differentiated into two main regions : the peripheral 
cytoplasm or cytosome and the central nucleoplasm or nucleus. 

1. Cytoplasm. The cytoplasm consists of a more or less transparent 
and somewhat viscous (sticky) semifluid material, the ground substance or 
hyaloplasm, which forms an envelope called the cell membrane or plasma 
membrane at the surface and contains granules and several types of 
structures, the cell organelles, suspended in it. In free cells such as, one- 
celled animals ( Amoeba and others), the cytoplasm shows an outer, 
narrow, relatively firm zone, the ectoplasm, around a central relatively 
fluid mass, the endoplasm. The cells, which occur in close contact with 
one another, as in many-celled animals, lack ectoplasm. The cells lin- 
ing the tubes, c.g. alimentary canal, however, have ectoplasm on their 
exposed sides. 

The structures suspended in the hyaloplasm are of two chief types : 
the living or protoplasmic structures capable of growth and multipli- 
cation and non-living or deutoplasmic structures incapable of growth 
and multiplication. The living structures include the endoplasmic 
reticulum or ergastoplasm, ccntrosoine or cell centre, mitochondria, 
Golgi apparatus or Golgi bodies and ribosomes or microsomes. The 
non-living materials comprise foods (starch grains, protein granules, 
fat droplets), secretions (enzymes, hormones), excretions or wastes 
(urea), minute sacs called lysosomes, vacuoles and fine fibrils ( e.g . cont- 
ractile myofibrils and conducting neurofibrils) of protein. 

(/) Cell Membrane. The cell membrane forms a very thin and 
delicate covering around the cell. It is living, being an integral part 
of the cytoplasm inside it. The cell membrane consists of two layers 
of lipid molecules with a layer of protein molecules on either side. The 
cell membrane serves many functions. It maintains the individuality 
and form ot the cell and keeps its contents in position. It permits 
the entrance of useful materials, like food, hormones and oxygen into 
the cell and exit of waste materials, such as urea and carbon dioxide, 
out of the cell. The cell membrane is, thus, selectively permeable. 

(//) Endoplasmic Reticulum. The endoplasmic reticulum is visible 
only in electron micrographs. It is an extensive double-walled 
network traversing most of the cytoplasm. It has a highly variable 
form and can fragment and reform its parts. The membranes of 
the reticulum are continuous with the cell, nuclear and Golgi mem- 
branes. The endoplasmic reticulum is often associated with ribosomes 
(described ahead) and appears rough or granular. It may be free of 
ribosomes when it looks smooth. The endoplasmic reticulum serves 
many t unctions. It brings about quick transport of materials from 
one part of the cell to another. It forms nuclear membrane around 

♦ u* ui • nuc ei .' n division. It holds a variety of enzymes 

that help in the synthesis of important substances. 

(iii) Centrosome. The centrosome usually lies near the nucleus, 
consists of two minute rods, the centrioles, surrounded by a small 
mass o lightly-staining and homogeneous cytoplasm, the centro- 
spnere. Electron microscope reveals that the centrioles have the form 
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of cylinders lying at right ’angles to one another. They resemble the 
flagella and cilia in structure, each consisting of nine outer fibrils 
arranged in a ring round two central fibrils. The centrioles determine 
the plane of cell division. They are, however, not essential for cell 
division, as plant cells]divide without them. 
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Fig. 4.3. A diagram of an animal cell based on electron micrographs 


(iv) Mitochondria. The mitochondria are small rod-like bodies 
usually scattered throughout the cytoplasm. The electron microscope 
reveals that a mitochondrion is a double-walled vesicle filled with a 
granular matrix. The inner wall is thrown into characteristic infoldings, 
the cristae (Fig. 4.4). The mitochondria are composed of proteins 
and lipids. They carry on their cristae respiratory enzymes, which 
catalyze oxidation of food to release energy for cell activities. They 
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are thus the powerhouses of the cell. Their number is directly 
proportional to the activity of the cell. Growing, dividing and 
secreting cells have more mitochondria than others. 

(v) Golgi Apparatus. The Golgi apparatus generally occurs near 
the centrosome. It appears as a coarse network when seen with the 
light microscope. Electron micrographs show' it as a bundle of 
flattened sacs, devoid of granules, having swollen ends and associated 

with large vacuoles and 
groups of small vesicles. The 
Golgi apparatus probably 
plays a role in the storage of 
cell secretions. It perhaps 
also serves to modify and 
temporarily store certain 
compounds particularly lipids. 
It may also maintain a proper 
concentration of water in 
the cell. 

• (v/) Ribosomes. The ribo- 
somes are very tiny particles 
visible only in electron micrographs. They are often associated with 
the endoplasmic reticulum, but may occur free in the cytoplasm also. 
Protein synthesis occurs on their surface guided by RNA received from 
the nucleus. 

(viV) Lysosomes. The lysosomes are minute sacs with a single- 
membrane wall. They isolate digestive enzymes from the cytoplasm 
and store them, thereby keeping the cell from digesting itself. 

2. Nucleus. The number, shape and position of the nucleus, vary 
greatly in different cells. Usually, however, there is a single nucleus* 
it is spherical and lies near the centre of the cell. It is bounded by a 
thin but distinct nuclear membrane. Electron micrographs indicate 
that the nuclear membrane is two-layered and porous. It is select- 
ively permeable and controls the flow of* materials into and out of the 
nucleus. Within the nuclear membrane is a dense colourless fluid, 
karyolymph or nuclear sap. The latter contains a number of irregular 
deeply staining threads and granules just beneath the nuclear mem- 
brane. These threads and granules are together known as the 
chromatin because of their affinity for certain dyes. The chromatin, 
is composed of DNA and proteins. When the cell is not dividing, 
the threads of the chromatin material are long and slender and lie 
irregularly so as to give the appearance of a netw'ork. During cell- 
division, they become short, thick and conspicuous and are termed 
the chromosomes. The chromosomes bear the hereditary units, the 
genes. The latter determine the characters of every species of animals, 
and carry characters from one generation to another. The number 
of chromosomes is fixed for each species of animals. The karyolymph 
also contains one or more large rounded bodies, the plasmosomes or 
nucleoli. These are densely-packed masses of granules without any. . 
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Fig. 4.4. Mitochondrion in section 
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limiting membrane. They consist largely of ribonucleic acid (RNAT 
Their RNA passes out into the cytoplasm, where it becomes associated 

with the ribosomes and directs protein synthesis. 

Both cytoplasm and nucleus are necessary for the normal activities 
of the cell, but the exact role of each in the metabolism of the whole 
is not yet clearly known In general, the cytoplasm is the seat ot 

metabolic processes including synthesis of proteins, formation ot 

enzymes which facilitate the various chemical reactions, and oxidation 
that yields energy. It is also a store-house of the raw materials needed 
for metabolism in both the cytoplasm and the nucleus. The nucleus is 
responsible for inheritance. It also guides the protein synthesis 
in the cytoplasm. It produces nucleic acids. DNA as well _as RNA 
The DNA is an important constituent of chromosomes. It is often 
described as the -memory” of the cell because ,t carries genetic 
information for transmission to the next generation and msti ruci tons or 
the working of the cell. The DNA acts as a template (mould) 
for the formation of RNA. The RNA is stored in the nucleoh. From 
here it passes out into the cytoplasm and functions as a messenger 
conveying instructions from the DNA (chromosomes) of the nucleus 
to the cytoplasm. In the cytoplasm the messenger RNA is recet ed 
by the microsomes, where it directs the synthesis of specific protu . 

Summary of the cell structure is given below : 

Cell 
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DNA or Deoxyribonucleic Acid 

(a) Molecule (Fig. 4.5 A). The DNA molecule is one of the largest 

molecules known in chemistry. It is 30,000 Angstroms* long and 20 
Angstroms thick. It has very high molecular weight, o\er one million. 

♦Angstrom is a measure of molecules. It is written as A°. 

One A° = 75^r 0 7ood m m * 
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It is very complex in structure, being composed of 12,000 smaller 
molecules. The smaller molecules exist as two nucleotide chains 
joined together by hydrogen bonds. A nucleotide in turn consists of 
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Fig. 4 5. A. Molecular structure of DNA 

B. Model of DNA according to Watson-Crick concept 

three types of molecules : a molecule of pentose sugar called deoxvribose 
(S), a phosphate or phosphoric acid molecule (P) and a base molecule. 
The base involved is either a pyrimidine or a purine. A pyrimidine 
consists of four carbon and two nitrogen atoms arranged in a hexagonal 
ring. There are two pyrimidines, namlev, thymine (F) and cytosine (C). 
Purine comprises a pyrimidine ring plus a side ring of one carbon and 
two nitrogen atoms. Purines are also two, viz. adenine (A) and 
guanine (G). The link provided by hydrogen atoms (//) is between the 
bases of the two nucleotide chains. The linkage is not at random. 
Thymine is always joined to adenine and cytosine to guanine. There 
are, thus, only four combinations : A — T. T — A> C—G and G — C. 

These combinations are arranged in a specific sequence in each ani- 
mal and this sequence is called its ‘code’. The possible sequences are 
infinite and they can be repeated as often as possible. This gives an 
infinite variety to the DNA molecule. 

( b ) Model (Fig. 4. 5. B). Two biochemists, D.S. Watson of America 
and F.H.C. Crick of Britain, in 1953 designed a model of DNA mole- 
cule to explain its structure. This got them the 1962 Nobel Prize. 
According to this model, the DNA molecule consists of two long 
parallel bands joined together by short horizontal bars at regular 
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intervals and spirally coiled about each other to form a double helix. 
In other words, the molecule has the form of a twisted ladder or spiral 
staircase. The vertical bars of the ladder are composed of phosphate 
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priate places, thus forming two molecules, which retwist. 
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and deoxyribose sugar while the rungs of the ladder are formed of 
pyrimidines and purines linked by hydrogen atoms. 

( c ) Replication (Fig. 4.6). An important property of DNA molecule 
is replication, i.e. power to build another molecule of its own kind. For 
replication, the DNA molecule unwinds and splits into its two consti- 
tuent nucleotide chains by break down of hydrogen bonds. The nucleus 
contains free nucleotides of various types as raw material. Thymine 
and cystosine bases of the unzipped (split) nucleotide chain are 
respectively joined by adenine- and guanine-containing free nucleo- 
tides. This produces two identical DNA molecules, each of which 
retwists into a double helix. 

{cl) Role. DNA plays a dual role in life : transmission of hereditary 
characters and synthesis of proteins. 

(/) Transmission of Hereditary Characters. DNA is the chief 
component of the chromosomes. By replication it doubles the number 
of chromosomes prior to cell division. With the result, identical 
reprints of the parent cell go into the daughter cells. 

(ii) Synthesis of Proteins. DNA molecule not only replicates another 
DNA molecule similar to itself, but also produces RNA molecules. The 
RNA molecule differs from DNA molecule in having ribose sugar in 
place of deoxyribose and uracil pyrimidine in place of thymine. From 
the nucleus, RNA passes out into the cytoplasm and settles over the 
ribosomes. This is said to be the messenger RNA as it carries instruc- 
tions from the DNA to the ribosomes to guide the synthesis of specific 
proteins. For every protein there is a definite type of messenger RNA 
and this is produced by a particular part (gene) of DNA molecule 
(chromosomes). 

Cell Multiplication or Division 

Growth in a many-eelled animal fundamentally consists of an 
increase in the number of its cells. The new cells arise by the division 
of the pre-existing cells. The cells divide in three ways : amitosis, mitosis 
and meiosis. 

I. Amitosis. Amitosis is a very simple process. It is, therefore, 
also called the direct division. In this method, the nucleus elongates 
and de\e!ops a constriction around its middle (Fi». 4.7). The constric- 
tion gradually deepens and finally cuts the nucleus into two daughter 
nuclei, which may be of unequal size. A similar constriction appears 
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in the cvtoplasm and divides the cell into two daughter cells, each 
with a nucleus Amitosis is of rare occurrence, probably because it is 
not a orecise method of cell division. It takes place only m the specia- 
lised cells (like those in the mammalian cartilage) or in the degenerating 

cells of the diseased tissues. 

II Mitosis. Mitosis is the common method of cell division. It occurs 
in all parts of the animal body. It is characterised by the division of 

the parent cell into two equal-sized daughter cells, each with the same 
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number of chromosomes as the parent cell. It is an elaborate process 
and involves a series of important changes, both in the nucleus and 
cytoplasm. It is, therefore, also called the indirect division. It lasts on 
an average from 30 minutes to 3 hours. Though a continuous process, 
the mitotic cycle is often sub-divided into four stages for convenience ot 
description. These stages are called prophase, metaphase, anaphase and 
telophase (Fig. 4.8). 

(i) Prophase. Prophase prepares the nuclear components for actual 
division and is, therefore, very long and complex. It consumes about 
40% of the total time required for mitosis. It may further be divided 
into three parts : early, middle and late. The prophase is initiated by 
changes in the centrosome. The centrosphere disappears, setting the 
tWG centrioles free in the cytoplasm. The centrioles migrate away 
from each other towards opposite ends of the cell. As they move, a 
set of fine radiating fibres appears around each centriole. These fibres 
are called the astral rays. A centriole alongwith its astral rays forms 
a star-like body, the astral body or simply aster. 

At the time the asters are first formed, a change starts within the 
nucleus. The chromatin material, which normally appears as a net- 
work of fine filaments, begins to condense and assumes the form of 
long, fine filaments, the chromosomes. Each chromosome is double, 
consisting of two identical components, the chromatids or chromo- 
nemata, joined together at one place by a small body, the centromere, 
and coiled about each other. The chromatids lie in a matrix and may 
show dark areas called chromomeres. With these events, the early part of 
prophase is over. 

The chromosomes become short and thick and their chromatids 
uncoil. Finally, they attain their characteristic forms and become 
distinguishable individually. The asters move further away from each 
other. As the chromosomes become prominent, the nucleolus decreases 
in size till it disappears altogether, its material getting scattered among 
the chromosomes. At the same time, the nuclear membrane begins to 
break down and disperse into the cytoplasm as elements of the endo- 
plasmic reticulum. This completes the middle part of prophase. 

As soon as the chromosomes have assumed their final form, fine 
fibres start extending from the centrioles towards the nucleus. These 
fibres are known as the spindle fibres as the)' later on assume the form of 
a spindle. The nuclear membrane continues to break down and finally 
disappears altogether. This sets the chromosomes free in the cyto- 
plasm. Now the spindle fibres extend to the chromosomes and become 
attached to them at their centromeres. These spindle fibres are called 
the chromosome fibres. Some spindle fibres extend from pole to pole of 

the spindle also. These are called the complete fibres. With this the 
prophase ends. 

The spindle and the asters at its ends together form the mitotic figure. 
This figure consists of proteins and RNA. It is formed mainly from 
the cytoplasmic proteins and partly from the nuclear proteins by gelation. 

(/7) Metaphase. Metaphase is short and simple. In this phase, the 
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chromosomes, which formed disorderly mass at the end of prophase, 
arrange themselves at the middle (equator) of the spin e ^ 
of a plate called the equatorial plate. The chromosomes are p 
the equator by the chromosome fibres. 

(Hi) Anaphase. Anaphase is also short and simple. The ; ““‘romere 

of each chromosome divides into two so that each chroma . 

possess its own centromere. Almost immediately after this the sister 
chromatids separate from their respective mates and move towards tne 
opposite poles. The separation of the chromatids begins at 
centromeres so that they are pulled into U V and J shapes A the 
chromatids move apart, numerous fine threads appear between to 

These are known as the interzonal fibres and extend fr ° m ° ne ? tids 
to its former partner. The anaphase ends when all the chromatics 
have reached the opposite poles. The forces respoinble for he 
movement of the chromatids are not clearly know,). Probably, tne 
chromosome fibres contract to pull the chromatids t°waids he poles, 
while the interzonal fibres stretch to repel them. The chromatid 
at each pole are now regarded as the chromosomes. 

(iv) Telophase. Telophase is as long and complex as the P«>P»“e. in 
this phase nucleus is reconstructed from each group of chromosomes 
This^invol'ves all the events that occurred in prophase, but mieverse o 
anfi 5 direction. 3 Nuclear membrane slowly reforms round each group o 
chromosomes from the elements of the endoplasm, c reticulum .. A n uc eo 

B l SA SSJS 

The daughter-nuclei are iden.ical beaaaso they are formed l.om 

similar chromosomes. 

an re ( astral rays and interzonal, and complete hok> 

gradually 1 becomes^indi^met ^^^jg'l^^g^^a^entrosph'ere^ind niay 

S two in some 

sBB fesrir ,rs, hasa 

ready for the next mitosis. 

c* •finnncp of Mitosis Mitosis has a manifold significance. 

m m Tt “ a m«ns of growth. The fertilized egg develops into an 
embryo and finally into an adult by repeated ^^^^^^nto exactly 
(2) Mitosis results * "hwith the OI same number of chromosomes as 
t^larem U ^li er 1t thus serves to keep the number of chromosomes 
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equal in all the cells of an individual. For this reason mitosis is also 
known as the equational division. 

(3) Mitosis replaces the old worn out cells, thus revitalizing the 
tissues in the adult animals. 

(4) Mitosis plays an important role in reproduction, asexual as well 
as sexual. 

III. Mciosis. Meiosis takes place only in the gonads or reproductive 
organs during the formation of gametes. In meiosis, the parent cell 
produces four daughter-cells, each having half the number of chromo- 
somes present in the parent cell. Meiosis is, therefore, also known as 
the reduction division. Reduction is due to the fact that meiosis involv- 
es two divisions taking place in rapid succession with the chromosomes 
duplicating only once. These divisions are called the first and the 
second meiotic or maturation divisions. The reduced number of chromo- 
somes received by the daughter-cells in meiosis is termed the haploid 
number, while the full number of the parent cell is termed the diploid 
number. Since meiosis occurs during the formation of gametes only, 
the latter alone have the haploid number of chromosomes. -All other 
cells of the body have the diploid number. The diploid number of 
chromosomes is fixed for each type of animal. It is 78 for dog, 44 
for rabbit and 46 for man. The diploid chromosomes can be arranged 
in homologous pairs, each pair comprising two chromosomes, similar 
in size, shape and characters. One member of a homologous pair is of 
maternal origin and the other of paternal origin. They are combined 
in the zygote by the fusion of male and female gametes. 

1. First Meiotic Division (Fig. 4.9.). It comprises four phases : 
prophase — 1, metaphase — 1, anaphase— 1, and telophase — 1. 

Prophase— 1. It is quite elaborate and may be sub-divided into four 
stages : leptotene, zygotene or synaptotene, pachytene and diplotene. 

in) Leptotene. In the leptotene stage, the centrosphere disappears, 
freeing the two centrioles that move away from each other ; astrai 
rays appear around each centriole to form an aster ; and chromatin 
matter, by condensation, changes into long, fine chromosomes. The 
chromosomes are double, each consisting of two identical chroma- 
tids, which are closely adhered together and are somewhat indistinct. 

(/>) Zygotene. In the zygotene stage, the homologous chromosomes 
(maternal ones and their paternal counterparts) come together and lie 
* I _ is coming together of the homologous chromo- 

somes is known as the pairing of chromosomes or synapsis. The two 
homologous chromosomes forming a pair twine round each other and 
are said to form the bivalent. 

(c) Pachytene. In the paclutene stage, the paired chromosomes 
or bivalents become shorter, thicker and more prominent. 

id) Diplotene. In the diplotene stage, the homologous chromo- 
somes partially separate and their chromatids become. distinct. Bivalents, 
thus, change into groups of four chromatids. Each group of four 
chromatids is called a tetrad. The chromosomes condense further 
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to acquire their normal form and size. The nuclear membrane and 
nucleolus disappear, setting the chromosomes (tetrads) free in the 
cytoplasm. Spindle-fibres extend from the centrioles and join the 

chromosomes at their centromeres. 
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at the equator of the spindle. Each bivalent is attached to the spindle- 
fibres at two points or centromeres, one belonging to each chromosome 
of the bivalent. The chromatids of each chromosome are still joined to 
one another. 


Anaphase — 1. The two homologous chromosomes of each bivalent 
move apart and reach the opposite poles of the spindle. Thus, half of 
the chromosomes which appear in early prophase (leptotene) go to each 
pole. It is here in the anaphase that the real reduction in the number 
of chromosomes occurs. Each chromosome at the poles consists of 
two chromatids joined together at the centromere. 

Telophase — 1. The chromosomes at each pole now form a nucleus 
with a nuclear membrane and a nucleolus. The spindle and the astral 
rays gradually disappear. The cytoplasm constricts into two daughter- 
cells, each with one nucleus. The nucleus of each daughter cell has 
received only one chromosome from each homologous pair or bivalent. 
Thus, it has half the number of chromosomes present in the parent cell. 

2. Second Meiotic Division. It also comprises four stages: prophase — 2, 
metaphase — 2, anaphase— 2 and telophase — 2. 

Prophase 2. Centrioles become free, move apart and develop astral 
rays to form asters. The chromosomes, each comprising two chroma- 
tids joined by centromere, become visible. They are set free by 
disappearance of the nuclear membrane. Nucleolus goes out of existence. 

Spindle-fibres are formed between the centrioles and centromeres of 
chromosomes. 


Metaphase 2. The chromosomes take up positions at the equator 

of the spindle. The two chromatids of each chromosome are still 
joined by a centromere. 

Anaphase— 2. The centromeres divide and the chromatids start 
moving away from each other. Ultimately, they reach the poles of the 
spindle and are called the chromosomes. 

Telophase— 2. The group of chromosomes at each pole gets enveloped 
by a nuclear membrane. The nucleolus appears. Astfal rays and 

T ] ? St h Cyt °P Ias ™ constricts to form two daughter-cells each 
with the haploid number of chromosomes. s 9 

The second meiotic division mav fnllnw * i 

there may be a brief interphase b^ween the , -f tn\h'T y ° r 
the telophase of the first mpintir* a * • • • the former case* 
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formation of a SDindle S i!° n IS , a most eliminated except the 
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helps in keeping the number of chromosomes constant from generation 
to generation. Meiosis forms haploid gametes, which unite in sexual 
reproduction, thus restoring the original diploid number characteristic 
for the species. If there is no meiosis and the gametes are formed by 
mitosis, the number of chromosomes in each new generation will 
become double of that in the previous generation. 

(2) Variations. Meiosis provides a chance for the establishment 
of new combinations of chromosomes. This brings about variations 
and through them evolution. The new combinations are due to the 
random distribution of chromosomes between the daughter cells and 
to the crossing-over. 


TABLE 2. 

Comparison of Mitosis and Meiosis 


Mitosis 


1. It occurs in all parts of the body. 

2. It involves a single division, resulting 
in two daughter cells only. 

3. Prophase is comparatively short 
and simple. 

4. Propbase chromosomes appear dou- 
ble from the very start. Their chro- 
momeres are indistinct. 

5. There is no pairing of homologous 
chromosomes, hence no chance of 
crossing-over. 

6. Anaphase involves separation of 
chromatids after splitting of centro- 
meres joining them. 


7. Daughter cells are diploid and re- 
semble the parent cell. 

*. Mitosis brings about growth and 
replaces old worn-out cells. 


Meiosis 


1. It occurs only in the gonads. 

2. It involves two divisions that occur 
in quick succession, resulting in 
four daughter cells. 

3. Prophase— 1 is very long and elabo- 
rate, comprising four sub-phases. 

4. Prophase— 1 chromosomes do not 
appear double in the beginning and 
show prominent chromomeres. 

5. Homologous chromosomes pair and 
may undergo crossing-over. 

6. Anaphase— 1 involves separation of 
homologous chromosomes with 
centromeres remaining intact. The 
centromeres split and chromatids 
move apart in anaphase — 2. 

7. Daughter cells are haploid and do 
not resemble the parent cell, which 
is diploid. 

8. Meiosis maintains the chromosome 
number from generation to genera- 
tion. 


Interphase 

When not dividing, the cell is said to be in the 
this period, very important processes occur. These for the 

of chromosomes, doubling of centnole, synthesis p 
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mitotic figure and storage of energy for the next division. The duplic- 
ation of chromosomes does not occur by division as held earlier. Instead, 
it is brought about by replication, i.e. synthesis of an exact duplicate of 
each chromosome. The invisible interphase activities make the cell 
ready for division. 

An inlerphase cell is sometimes described as the “resting cell.” This, 

however, is quite inappropriate as the cell does not rest even when it is 

not dividing. Though it does not show changes characteristic of a 

dividing cell, it is still carrying on the various activities of life and its 

chromosomes are in a state of replication. 

% 

Gametogenesis 

The body of a metazoan or multicellular animal consists of two types 
of cells : the somatic or body-cells and the germinal cells. The somatic 
cells are very numerous and form all the parts of the body except the 
gonads. They are concerned only with the life of an individual animal 
and for this they carry on the vegetative functions of the body. The 
germinal cells, on the contrary, are fewer and are restricted only to the 
sex-organs or gonads. They are meant for the propagation of the 
species and for this they produce the gametes. The formation of the 
gametes from the primordial germ cells of the gonads is called gameto- 
genesis. As the gametes are of two types, namely, the spermatozoa or 
sperms or the male gametes and the ova or female gametes, gametogene- 
sis is also of two types. These are spermatogenesis or the formation of 
sperms and oogenesis or the formation of ova. Both processes are 
basically similar, though minor differences exist. Both involve three 
important phases : multiplicative phase in which the immature cells 
multiply by mitosis, growth phase in which the immature cells grow 
and maturation phase in which meiosis occurs. 

Spermatogenesis (Fig. 4.10). The primordial or undifferentiated 
cells of the testes are called the spermatogonia. The spermatogonia have 
diploid number of chromosomes, say four in a particular animal. 
The spermatogonia increase their population by repeated mitotic 
divisions so that each newly-formed spermatogonium possesses the 
same number of chromosomes, i.e. four. Finally, the spermatogonia 
increase in size and are termed the primary spermatocytes. The 
primary speimatocytes undergo first meiotic division and produce 
secondary spermatocytes, each of Which contains half or haploid number 
of chromosomes, i.e. two. The secondary spermatocytes undergo the 
second meiotic division and produce spermatids. Each spermatid con- 
tinues to possess the haploid number of chromosomes, which is two in 
this case. The spermatids gradually modify themselves into spermatozoa 
or male gametes, which are also haploid. The transformation of sper- 
matids into spermatozoa is known as spermateleosis. Each primary 
spermatocyte, thus, produces four spermatozoa. Each spermatozoon 
consists of a head having the nucleus and a long vibratile tail. It 
swims by the vibrations of its tail in a fluid medium in search of the 
ovum or female gamete. 
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number. Each oogonium prepares itself for the formation of an ovum^ It 
increases in size due to the deposition of yolk granute in ds^oplasm. 
It is now called the primary oocyte Like the primary spermat y , 
the primary oocyte also undergoes first meiotic div's.on and produces 
two celk The division is, however, very unequal and one ot the two 
daughter ceils* is extremely ’small while the other js almost as large a^ 
the primary oocyte itself. The large cell is called the secondary oocyte 
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and the small cell is known as the first polar body. Both have the haploid 
number of chromosomes. The secondary oocyte now undergoes second 
meiotic division and forms a large cell or ovum and a small cell or the 
second polar body. The first polar body also divides into two. One 
primary oocyte, therefore, forms, after the meiotic division, one mature 
ovum and three polar bodies. The polar bodies have no function and 
disintegrate. The ovum retains the whole of the cytoplasm and the 
food of the primary oocyte in it for the nourishment of the future 
embryo. 

Usually, the ovum contains a lot of food in it and is called lecitbal. 
In the mammals, however, the ovum is free from the food and is called 
alecithal. In the lecithal ovum, the food may be uniformly distributed 
all over (e.g. Amphioxus ) or localised at one end ( e.g . chick) or 
deposited at the centre (e g. insects). These conditions are described by 
the terms homolecithal, telolecithal and centrolecitbal respectively. 


Fertilization 


Fertilization is the union of the mature spermatozoon and the ovum. 
The cell formed as a result of this union is called the zygote or the ferti- 
lized ovum. The spermatozoon enters the ovum through the reception 
cone, which is a small protuberance on its surface. The entry of the 
spermatozoon is probably brought about by the engulfing action of the 
ovum. As soon as the sperm has entered the ovum, certain changes 
take place in the ovum to check the entry of more sperms. Sometimes 
however, additional sperms may enter the ovum but only one fuses with 
the ovum. This phenomenon is called polyspermy and occurs in the 
ova with much yolk i e. hen’s egg. The sperm may enter the immature 

ovum but the two will not fuse until the maturation of the ovum is 
completed. 


The nucleus of the sperm is called male pronucleus. Similarly 

the nucleus of the ovum is known as the female pronucieus. In the act 

of fertilization, the tail of the sperm does not take any part and degenerat- 

es. The male and the female pronuclei fuse together and form the 

zygote nucleus or synkaryon. The real fertilization is. thus the union of 

the male and female pronuclei. The fusion of the two haploid pronuclei 

yields a zygote nucleus with diploid number of chromosomes charame? 
istic for the species. ua,a '' lu 

Types of Fertilization. Usually, the animals are unisexual or dioecious 
and fertilization combines gametes from two different individuals Th"s 
is called cross- fertilization. In a few bisexual or monoecious animals the 

invertebrates, seme marine fishes, am,, h, Mai's, eTo’)'" be,h“ o,£™d 

ssas: lS »ii i- H" 

body of the female and is known a* the internal fertilization InS j de th m 

cases, the sperms are shed by the male within the reproductfv'e {ra« of 
the female during copulation or sexual union ^-productive tract ol 
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Significance of Fertilization. Fertilization has a threefold importance 

zygote is called sexual reproduction. 

(2i Fertilization restores the diploid number of chromosomes in the 
zygote by the fusion of two haploid gametes. 

(3) Fertilization combines characters of two parents, thus, intro- 

during variations. 

test questions 

2. WHat l an'™ chemical nature 

P 3. How do mitosis and me i° Si ^^‘5 e c^U^h^o^ Fertitization, Spermatogenesis, 

Gamete. Homologous Chromosomes. 

5. Give an account of mitosis in an am ma this process occur? 

6. Discuss the significance of me.os.s. Where and how 

7. Give an account of spermatogenesis or oogenesis. 

8. Write a brief note on DNA. 
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CHAPTER 



Histology 


Histology is the study of the microscopic structure of the tissues and 
organs of the body. It may also be called microscopical anatomy. The 
knowledge of histology is essential to understand the activities of 
complex animals, particulary the vertebrates. 

TISSUES 

A tissue is a group of cells specialized to perform one or more 
functions along with any intercellular material secreted by them. There 
are several types of animal tissues. They are usually grouped into 
four main classes : epithelial tissues, muscular tissues, connective or 
supportive tissues and nervous tissues. 

I. Epithelial Tissues 

The epithelial tissues consist of cells compactly arranged to form 
continuous sheets. The cells are held together by a thin layer of self- 
secreted intercellular cement-substance and rest on a delicate non- 
cellular (gelatinous) basement membrane. The epithelia generally 
lack blood-vessels but still have a good power of generation and repair 
after injury. They receive useful materials and eliminate waste pro- 
ducts by diffusion. The epithelia cover the surfaces and line the 
cavities. They primarily protect the underlying tissues from mechani- 
cal injuries, desiccation, entry of germs and harmful chemicals. 
The surlace epithelia produce many useful structures like scales of 
reptiles, birds and mammals, feathers, hair, claws, nails, hoofs and 
horns. The epithelia lining the cavities give rise to glands that pro- 
vide valuable secretions. Besides these, the epithelia are also respons- 
ible for absorption, and sensation. 


Epithelia were the first tissues to evolve in the animal kingdom. 
They are also the first to appear, as ectoderm and endoderm, lin the 
development of the individual. 


There are two main types of epithelia : simple and compound. The 
simple epithelia are one-cell deep and cover moist surface where there 
is little wear and tear by friction. The simple epithelia are of five 
types according to the form and structure of their cells : squamous, 
cuboidal, columnar, ciliated and germinal. The compound epithelia are 
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more than ' one-cell deep and cover the surface where constant re- 

Dlacement of cells is needed due to rapid wear and tear by 

The common forms of compound epithelia are the strat.fied ep.thel.um 

^nd transitional epithelium. 

1. Squamous Epithelium. The squamous epithelium (Fig. 5.1) consists 
of flat, disc-like cells closely fitted together like the tiles of a floor. This 
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not an epithelium in itself. 

S-f SSSSf f W «• •* «• — « 

epithelium lines the urinary tubules of the kidney. 





Fig. 5.2. Tesselated 
epithelium 



Fig. 5.3. Cuboidal epithelium 

3. Columnar Epithelium. The columnar epithelium 
consists of tall cells resembling pillars or columns. 
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polygonal in surface-view. The nucleus is elongated along the long axis 
of the cell and has a variable position. 


The columnar epithelium is of two types : glandular and sensory. 
The glandular columnar epithelium (Fig. 5.4) lines the stomach and 
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Fig. 5.4. Columnar epithelium Fig. 5.5. Ciliated epithelium 

the intestine. Its cells are specialized for the secretion of digestive 
juices. In the small intestine, the columnar cells often have striated 
border at the free surface for aiding in absorption. The sensory columnar 
epithelium lines the nasal sacs. Its cells have fine sensory hair at the 
free surface and are specialized for receiving external stimuli. 


4. Ciliated Epithelium. The ciliated epithelium (Fig. 5.5) consists of 
columnar or cuboidal cells bearing fine vibratile processes, the cilia, at 
the free surface. The ciliated epithelium with columnar cells lines 
the bucco-pharyngeal cavity of frog. The ciliated epithelium with 
cuboidal cells is found in certain parts of the urinary tubules, where 
it serves to keep the urine moving. 

5. Germinal Epithelium. The germinal epithelium is found in the 
gonads. It gives rise to the sex cells or gametes for sexual reproduction. 

6. Stratified Epithelium The stratified epithelium (Fig. 5-6) consists of 
many layers of cells, which vary in form in different layers. The inner- 
most layer has columnar cells and rests on a basement membrane. This 

is called the germinative layer. 

The cells of this layer go on 

dividing by mitosis to produce 

new cells. The latter are 

gradually pushed upwards and 

become progressively flattened 

and dead. The outermost 

cornified layer has flat dead 

cells and is periodically 

sloughed off by friction. The 

stratified epithelium forms 

. . TT . the outer part or epidermis of 

skin. Here it serves to check evaporation. 





Fig. 5.6. Stratified epithelium 
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7 Transitional Epithelium. The transitional epithelium differs 

f,I' .&» in i» «***'"' d 

and uncornified. This epithelium lines urinary bladder. 




II. Muscular Tissues 

T U P muscular tissues mostly develop from the mesoderm. 
They consist of greatly elongated and highly contractile cells 
known as the fibfes. The adjacent fibres are held together 
by connective tissue, there being 

no intercellular substance. Each fibre • j 

contains fine longitudinal fibrils, the 
myofibrils, lying in the cytoplasm, called 
the sarcoplasm. A muscle fibre is 
sometimes bounded by a specialized 
membrane, the sarcolemma. The muscul- 
ar tissues are responsible for the 
movements of the various parts of the 
body and also for locomotion. 



There are three kinds of muscles : 
visceral or smooth, skeletal or striated 

and cardiac. 

1. Visceral or Smooth Muscle (Fig. 

5.7). The visceral or smooth muscle is 
found in the wall of the gut, blood- 
vessels and urino-genital tract. It also 
occurs in the iris of the eye and dermis 
of the skin. It consists of long spindle- 
shaped fibres, each containing a single 
oval nucleus in the middle. There is no 
sarcolemma, the fibre being bounded 
merely by its plasma membrane I ne 

nervous system. Its contract! . , f v niusc i e The fibres ot the 

SSftS* .«*• <• •*•«* “ «•“ 

round the organs in which they occur. 

2. Skeletal or Striated Muscle 

B) is found m the body-wall an ^ lt consis ts of long, 

pharynx and beginning ot P g bounded by an elastic 

cylindrical fibres with blunt ends ; nue^i The nuclei are 
sheath or sarcolemma and contains m y • , a | te rnat- 

situated just beneath the sarcolemma The m^ofibrfis^ ^ striped 

ing dark and fight cross-bands P ^ . and every hght 

muscle. Every dark band has a light zone 
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band likewise has a dark line in it. The part of the fibre between the 
dark lines of the two successive light bands is considered as the 
structural unit of the striated muscle and is called the sarcomere. The 
skeletal muscle contracts rapidly but cannot maintain contraction for 
a long time, since it soon gets fatigued. It is innervated by motor 
nerves from the brain and spinal cord and its contraction is under the 
control of the animal. It is, therefore, also called the voluntary 
muscle. The fibres of the skeletal muscle are arranged in separate 
bundles, the fasciculi, which are attached to some part of the skeleton 
by their ends. 
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Fig. 5.9. Cardiac muscle fibres 

.,A f , C h ar ; ,iaC , M r le - The cardiac muscle Fig. 5.9) is found in the 
waii of (tic hearf. In certain respects, it is intermediate between the 

hmncllt d n,usclcs - It consists of striated fibres, which are 

branched and interconnected to form a contractile network This 

muse e‘ rC The 0 |ih S os 0r " e rhvth , mic contractions characteristic of heart- 
mM , la- T unir| ucleate and lack the sarcokmma. The 

f| l flhrls h ' cd i -'"t 116 ' Xmial re t’ lon Of the cells. Here and there 

the fibres have thick cross-bands, the intercalated discs The latter 

membranes y Thev Sh °' Vn , b >' r the electron microscope to be double 

membranes. They are, therefore, interpretted as modified cell 


•which ne\er gets tired. 
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membranes, s ■ The cardiac muscle contracts^ rhythmically and is 
indefatigable * Its contraction is not under the control of the will. 

-’ - The important differences between the three types of muscle fibres 
are summarised below in the Table 3. 

1 ; TABLE 3 

Comparison of Muscle Fibres 


Striped 


Unstriped 


Cardiac 


1. Occur in the body- 
wall, limbs, tongue, 
pharynx and beginning 
of oesophagus. 

2. Form bundles that are 
attached to skeleton 
by ends. 

3. Very long and cylin- 
drical with blunt 
ends. 

4. Bounded by distinct 
sarcolemma. 


5. Syncytial, nuclei just 
within the sarcolemma. 

6. Myofibrils large and 
prominent, show alter- 
nating light and dark 
cross bands, hence 
striped. 

7. Contract quickly but 
cannot maintain con- 
traction for a long 
time, hence soon get 
fatigued. 

8. Innervated by nerves 
from central nervous 
system. 

9. Voluntary. 


1. Occur in visceral wall, 
iris of the eye and 
dermis of the skin. 


2. Form sheet or tubes 
in the visceral wall. 


3. Long and spindle- 
shaped with tapering 
ends. 

4. Bounded by plasma 
membrane, there be- 
ing no sarcolemma. 

5. Uninucleate, nucleus 
at the centre. 

6. Myofibrils indistinct 
and do not have light 
and dark bands, hence 
unstriped. 


7. Contract slowly but 
can remain contracted 
for a long time, are 
not fatigued. 

9. Innervated by nerves 
from autonomic ner- 
vous system. 


1. Occur in the heart 
wall. 


2. Form a continuous 
network by branch- 
ing and anasto- 
mosis. 

3. Short and cylind- 
rical with truncate 
ends. 

4. Bounded by plasma 
membrane, no sarco- 
lemma. 

5. Uninucleate, nucleus 
at the centre. 

6. Myofibrils distinct 
and with alternat- 
ing light and dark 
bands. 

7. Contract quickly 
and rhythmically, 
indefatigable. 


8. Innervated by nerves 
from autonomic 
nervous system. 

9. Involuntary. 


9. Involuntary. 


III. Connective Tissues 

The connective tissues develop ^s^^na'arge amount 'of 
They consist of variously-snaped “Un sea t d matrix . g The matrix is 
intercellular or ground suhslance kiiown t c0nnecti ve tissue- 

a non-living material and is usually secreted oy 
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cells themselves. The chief functions of the connective tissues are to 
bind the different tissues together, to store fat, to form a supporting 
frame-work, to provide a hard surface for muscle attachment, to protect 
the organs, to transport materials from one place to another in the 
body and to defend from the foreign bodies. There are three types of 
connective tissues, namely, (/) the connective tissues proper, (ii) the 
skeletal tissues and (m) the vascular tissues. 


1. Connective Tissues Proper. The connective tissues proper are 
characterized by the presence of fibres in the matrix. They serve to bind 
the tissues together and to form protective membranes round the organs. 
They are of several types: areolar tissue, adipose tissue, white fibrous 
tissue, yellow elastic tissue and reticular tissue. 
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Fig. 5.10. Areolar tissue 

(0 Areolar Tissue. The areolar tissue (Fig. 5.10) is the commonest 
form of connective tissues. It forms a thin sheet between the skin and 

the musdes to hoJd them together. It also occurs between the muscle- 

f k, eS ’ *2 the IT ? esenter ies and around the blood-vessels and nerves It 
f K tC !f P entoneum to the body-wall and the viscera It consists of 

SE e^ndc r e a ns?n a Tt nt Th S e e fit flUid> containing “rous 

as5%- J S 5 rr B 1 ' ™ 

protein called the elastin. The cells found in \ - formed , of a 
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js rstfr-s is 

filled with minute fat droplets. The latter n a y an d 

larger droplets. This pushes the nucleus °<L ^wever, 

makes the cells inflated and sphMical. I ^ t P droplet s having fallen 
the cells appear polyhedral and empty, 
out. The adipose tissue is found beneath 
the skin and in the fat bodies. It is 
mainly a food reserve, but at certain 
places it acts as a cushion as in the 
orbits or eye-sockets. 

(hi) White Fibrous Tissue. The white 
fibrous tissue (Fig. 5.12) consists a - 
most entirely of closely packed white 
collagen fibres, which are similar 
to those found in the areolar tissue. 

The fibroblasts are elongated ana 
lie in almost continuous rows here ana 
there. This tissue is very tough ana 
inelastic. The fibres may run parallel 
(to one another to form cords or tendons, 

which connect muscles with bones or nericardium 

may lie criss-cross in one plane to form sheets as in the ' 

of the heart, duramater of the brain \nd s pmal cord scle ot.c coa 

cornea of the eye-ball, capsule of the kidney and the covering ot 
and bone. 



Fig. 5.11. Adipose tissue 



Fig. 5.12- White fibrous tissue 

(,v) Yellow Elastic Tissue. Thc ye^ow ^last^ tissue ^ 

consists mainly of yellow elastic fib* a ’ reo { ar h dssue The white fibres 

otherwise similar to those The fibroblasts are scattered. This tissue 
also occur, but they are fin ■ ..... It ay f orm CO rds or ligaments, 

combines strength with great flexibility. It may of the blood- 

which bind the bones together or sheets as 

vessels and lungs. ^ tissue in 

w „a i,mph ' wS1, ‘ 
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f&res form a loose network and elastic fibres* are few or none. Tbft 
tissue is found in the spleen. 



Fig. 5.13. Yellow elastic tissue 

2. Skeletal Tissues. The skeletal tissues are characterised by the 
possession of a tough matrix. They form a rigid framework, which 
supports the body, protects the more vital organs, provides hard surface 
for muscle attachment and helps in locomotion. There are two types of 
skeletal tissues : cartilage and bone. ' 

(0 Cartilage. The cartilage (Figs. 5.14 and 5.15) consists of a matrix 
of firm material, the chondrin, secreted by oval cartilage cells or 
ehondroblasts. The cells often lie in groups of two or more. Each cell 
is situated in a fluid-filled space or lacuna. The cartilage is bounded 
externally by a stiff sheath, the perichondrium, consisting of white fibrous 



Fig. 5.14. Hyaline cartilage in section 


tissue. The latter contains blood-vessels from which nutritive materials 
diffuse into the cartilage. Near the perichondrium, the lacunae are 
smaller and lie closer together. ° 


The cartilage is of three types : hyaline, fibrous and calcified. 


KjUSIQbQGY . ' 

(a) The Hyaline Cartilage (Fig. 5.14) has a clear translucent and 
slightly elastic matrix. It often contains network of very fine collagen 
fibres, but they are very difficult to observe. This cartilage is found at 
jhe ends of the limb-bones and sternum, in the hyoid apparatus and in 
(he dorsal free edge of the supra-scapula. 

(b) The Fibrous Cartilage (Fig. 5.16) contains fibres in the matrix. 
This cartilage is further of two types : fibro- cartilage and elastic carti- 
lage. The former has abundant white fibres, is very firm and occurs 
in the intervertebral discs. The elastic cartilage has numerous yellow 
fibres, is very flexible, readily recovers its shape if distorted and it t is 
found in the pinna of the ear, epiglottis and eustachian tubes. 



CHONDROBLAST 



Fig. 5.15. Two cartilage cells 
in lacunae (Magnified) 


Fig. 5.16. Fibrous cartilage in section 


111 mvuiiwv 

(c) The Calcified Cartilage has calcium salts deposited in the matrix. 
It is very hard and inelastic. It is found in the suprascapula. 
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Fig. 5.17. T.S. Dried femur of frog 
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Fig. 5.18. T.S. Decalcified bone 
of frog— under low power 
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(U) Bone. Bone is the hardest tissue in the animal body. It consists 
of a tough intercellular substance or matrix containing irregular cells o 
osteocytes. The matrix is formed of a protein called ossein It contains 
a strengthening framework of white or collagen fibres. The fibres are, 
however, not visible, as they are heavily impregnated with inorganic 
salts chiefly calcium phosphate and carbonate. Bone, thus, combines 
inorganic or mineral matter with organic or animal matter. If a bone 
is dried, its organic matter is destroyed and inorganic part is left behind. 
On the other hand, if a bone is kept in an acid for some time, its 
mineral part is dissolved and animal part is left behind. Such a bone is 
said to be decalcified. Examination of a dried bone reveals its mineral 
matter, while that of a decalcified bone shows the animal matter. 

(a) Dried Bone. A thin section of a dried bone (Fig. 5.17) shows a 
large cavity, the marrow cavity, at its centre. This cavity is surrounded 
by concentric layers or lamellae of the matrix.^ The lamellae have 
numerous small spaces, the lacunae. Each lacuna gives off fine branching 
channels radiating in all directions. These are called the canaliculi. 
The canaliculi of adjacent lacunae join each other forming a sort of 
network. 

( b ) Decalcified Bone. A thin section of decalcified bone (Figs. 5.18 
.and 5.19) shows that the marrow cavity is filled with a fat-laden tissue 



Fig. 5.19. T.S. Decalcified bone of frog— under high power 

and blood-vessels collectivly forming the bone marrow. The bone marrow 
is surrounded by lamellae with bone cells in the lacunae. Each bone 
cell gives off protoplasmic processes, which extend into the canaliculi. 
The processes of the adjacent cells, like the canaliculi, unite to form a 
continuous network throughout the matrix (Fig. 5.20). Lacunae and 
canaliculi contain a fluid, which enables the bone cells to live in a 
medium, which is otherwise solidified by mineral salts. This fluid comes 
from the blood-vessels, which form an extensive inter-communicating 
system in the matrix. The bone is covered externally by a firm sheath 
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(c) White Corpuscles. 1 The- white corpuscles hre nucleated, colour- 
less and irregular cells. They are less numerous than the red corpuscles. 
They can change their shape and are capable of performing slow amoe- 
boid movements. They are produced in the liver and spleen. They 
serve to destroy foreign germs and worn out cells. 


(d) Spindle Cells. The spindle cells are small spindle-shaped bodies 
with large nuclei. They probably aid in the clotting of blood like 
the thrombocytes of mammalian blood. 


(i7) Lymph. The lymph is a colourless vascular tissue. It surrounds 
the body-tissues. It consists of two parts : a fluid matrix or plasma and 
white corpuscles. Both the components escape’ from the blood through 
the thin walls of the capillaries, the plasma by ultrafiltration or 
diffusion under pressure and the corpuscles by amoeboid locomotion. 
The lymph bathes the tissues and acts as a “middle man” to hand over 
food and oxygen from the blood to the body-cells and waste materials 
from the latter to the blood. It finally returns to the blocd through 
lymph channels and lymph vessels. 

IV. Nervous Tissue 


The nervous tissue forms the nervous system of the animal. It 
develops from the ectoderm of the embryo. It consists of nerve-cells or 
neurons, processes of nerve-cells or nerve-fibres and undifferentiated 
packing cells or neuroglia cells. There is no intercellular substance. 


1. Nerre-cells. A nerve-cell or neuron (Fig. 5.22) consists of the cell 
body or cyton and processes arising from it. The cell body varies in size, 
shape and number of its processes. Like any other cell, it has cyto- 
plasm, here called neuroplasm, and nucleus. The nucleus contains a 
prominent nucleolus. The cytoplasm has numerous fine threads, the 
neurofibrils, and small granules, the Nissl granules. Usually, a neuron has 
two types of processes : a very long cylindrical axon and short tapering 
dendrites. Both types of processes end in a cluster of branches, the 
terminal arborization. The neurofibrils extend into both types of pro- 
cesses, but Nissl granules occur only in the dendrites. 


The neurons function in co-operating chains, each receiving the 
impulse and passing it on to another till an effect is produced in some 
part of the body. They receive the impulse through the dendrites and 
transmit it through the axon. For cell-to-cell relay of impulse, the 
terminal arborizations of axon and dendrites come close together, leav- 
ing only a microscopic gap. This close juxtaposition of the axon of 
one cell and the dendrites of another without actual contact is known as 
synapse. An impulse does not travel across the synapse. A chemical 
called acetylcholine is released by the terminal arborization of the 
axon and this sets up a fresh impulse in the dendrons of the next 

neuron. 


A neuron with many processes is said to be multipolar. Such 
neurons occur in the brain and spinal cord. A neuron may have only 
two processes, an axon at one end and a dendrite at another (Fig. 5 23) ' 
Such neurons are described as bipolar. They are found in the retina <>f 
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the eye. There may be a single process arising from the neuron. Such 
neurons are termed unipolar. 
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Fig. 5.22. Two nerve-cells, a medullated 
nerve-fibre and synapse 




Fig. 5.24. A non medullated 
nerve-fibre 
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The various types of tissues discussed above are summarised below 


— Simple 
Epithelia 


Epithelial- 
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2 . 
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1 2 . 
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Transitional 


Muscular 
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rl. Visceral or Smooth 
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s — 12. 


Lymph 


Neurons 


fl. Unipolar 
1 2. Bipolar 
|_3. Multipolar 


_ Nervous Tisseus-r Nerve Fibres 




Medullated 

Non-medulJated 


l 


— Neuroglia cells 


• • 


Histology 


51 


2. Nerve-fibres. An axon covered with one or two sheaths is termed 
a nerve-fibre. Nerve-fibres are of two types : medullated or myelinated 
and non-medullated or unmyelinated. 

The medullated nerve-fibres (Fig. 5.22) occur in the white matter of 
the brain and spinal cord and in the cranial and spinal nerves. Each 
fibre consists of a central core, the axis cylinder or neuraxis, surrounded 
by two sheaths, the inner thick medullary or myelin sheath and the outer 
thin neurilemma. The axis cylinder is a cytoplasmic continuation of the 
axon of the nerve-cell and contains neurofibrils. The medullary sheath is 
a glistening-white fatty layer. It is continuous in the central nervous 
svsTem, but in the nerves it is absent at certain points known as the 
nodes of Ranvier. The part of the nerve-fibre between two successive 
nodes is termed the internode. The neurilemma consists of the tubular 
sheath cells, a siDgle cell with a single large nucleus covering an inter- 
node The neurilemma is continuous over the nodes of Ranvier, where 
the cytoplasm of the sheath cells is constricted and touches the axis 
cylinder. Outside the neurilemma is a fine layer of connective tissue. 

• The non-medullated nerve-fibres (Fig. 5.24) are found in the sympa- 
thetic nervous system. They lack a medullary sheath and appear 
grey in colour. Each fibre consists of an axis cylinder, neurilemma 

and a layer of connective tissue. 

Nerve-fibres conduct impulses in one direction only, i.e. either from 
the sense-organs to the central nervous system or from the central 
nervous system to the muscles and glands. They are respectively called 
the afferent or sensory fibres and efferent fibres. 

A nerve consists of bundles of nerve-fibres. The nerve fibres in a 
bundle are bound together by coats of white fibrous tissue called 
perineurium The bundles are held together by another fibrous coat 
termed the cpineurium. A nerve may have afferent fibres only 
(afferent nerve), efferent fibres only (efferent nerve) or both types 

of fibres (mixed nerve). 

ORGANS 

Tissues combine and coordinate their activities for a common 
purpose. Such a combination of tissues is termed an organ, 
histology of the chief organs of Irog is described below. 

Skin. The skin consists of two regions : the outer thin non-vascular 
epidermis and the inner thick vascular dermis (Fig. 5.25). 

1 Epidermis. The epidermis develops from the ectoderm of the 

and in this process they gradually become flat and their cytoplasm 

” * Efferent fibres and efferent nerves are [ hdS'IISscIm ” 011 which' are rSpOTsibJ^ for 

are motor only if they innervate the stnped muscles which a 

locomotion. They are secretory when supplied to tne gianu* a u * 
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slowly replaced by a hard sab-dance, ; the keratin ^r horn^By 

d?.“ Sy .2”Sd » constitute the h.,., o, «,.«» 

sgtbsi « 

and the process is called moulting. Am u rV r» 

2. Dermis. The dermis develops from the mesoderm * 

s sss of sat s c ana aattgfe ^ 

The nerves make it sensitive to external stimuli. Ftne branches °t 

nerves extend into the epidermis also. The Pigment cells 

to the skin. These cells lie mostly in the outer part of the dermis. 

They are irregular bodies with pigment in their cytoplasm. 

Flask-shaped cavities lined with glandular cells occur *° ‘ he 

S SEM&* Slaaft epidermano ^ The, 


DUCT OF 



are formd by sinking in of the Malpighian layer. They secrete a slimy 
mucus, which spreads over the skin as a thin film. The mucus keeps 
the skin moist for cutaneous respiration. It also makes the frog 
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slippery, which facilitates its escape frora the why 

T* than its 

"TEST The wall of the intestine is 

coats, namely, mucosa, submucosa muscular coat and v.-cerai p 

or serous layer. (Figs. 5.26 and 5.2 ). ^ coat of theintestina i 

1. Mucosa. The mucosa forms th ^ from within outwards, 

wall. It further consists of thre ®J?S!!L the ’ lamina propria and the 
are known as the columnar epithelin » COQS i s t s of a single layer 
muscularis mucosae The columnar epUh 1 brane Here and there 
of tall cells supported on a thin basement 

amongst the epithelial cells occur special wuso^a 

mucus-secreting cells, termed the gob 
cells. Each goblet cell has near its free 

end a small flask-like cavity 1D . whl <* 
collects the mucus secreted by the cell 

itself. These cavities burst fr0 ® un l e ™ 
time and release the mucus. The latter 
spreads over the inner surface of the 

presence S muc^cS c| JU J&g* T S — ine 
“e U m 0 braue. Th^lamlTVpria consists of a thin sheet of reticular 
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Fig. 5.27. A part of T. S. of intestine— highly magnified 
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connective tissue. It contains fine capillaries, lymph-vessels and nerves. 
The muscularis mucosae is a very thin band of unstriated muscle- 
fibres. The mucosa is concerned with secretion and absorption. 

2. Submucosa. The submucosa is outside the mucosa. It consists 
of dense connective tissue with both white and yellow fibres. It contains 
larger blood-vessels and lymph-vessels (lacteals), which send branches 
to the mucosa on the inner side and the muscular coat on the outsiae. 
A plexus • of nerve cells and fibres, called the submucous plexus of 
Meissner is also present in the submucosa. Besides carrying the 
circulatory fluids, blood and lymph, for the absorption of food, the 
submucosa also provides the elasticity essential for the expansion ot the 

intestinal lumen. 

The submucosa and the mucosa are thrown into folds to increase 
the inner absorptive surface of the intestine. The folds are 
longitudinal in the ileum and transverse in the duodenum. 

3. Muscular Coat. The muscular coat surrounds the submucosa. It is 
formed of unstriped or smooth muscle-fibres. It is differentiated into 
two layers : an inner thick layer of circular muscle-fibres, which 
encircle the intestine and an outer thin layer of longitudinal muscle fibres. 
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which run parallel to the length of the intestine. In a transverse 
section of the intestine, the circular muscles appear as spindle-like 
fibres as they are cut length-wise, while the longitudinal muscle- fibres 
look like dots since they are cut across. Between the two muscular 

layers lies a net work of nerve-cells and fibres. This is known as the 
sympathetic myenteric plexus or plexus of Auerbach The muscular 
layers are under the involuntary control of the autonomic nervous system 
of which the plexsus of Auerbach and Meissner are parts. Contrac'ions 
of the muscular coat mix the food contents with the digestive juices 
and push them along towards the rectum. 


4. Visceral Peritoneum. The peritoneum forms the outermost coat 
of the intestinal wall. It comprises two layers : an inner, very thin layer 
of connective tissue and an outer layer of flattened cells or squamous 
epithelium. The peritoneum serves as a protective covering. It is 
continuous with the mesentery, which suspends it from the body- wall. 


Stomach. The wall of the stomach is composed of the same tour 
coats, which occur in the intestinal wall. These are, from within out- 
wards, mucosa, submucosa, muscular coat and visceral peritoneum 
(Fig 5.28). The submucosa and mucosa are likewise thrown into 
longitudinal folds. A few differences, however, occur between the 
stomach and the intestine. The various coats in the stomach wall are 
thicker than their counterparts in the intestinal wall. This is specially 
noticeable in the muosa and the muscular coat. The mucosa, as in the 
intestine, consists of three layers : epithelial layer, connective tissue 
layer or lamina propria and muscular layer or muscularis mucosae. 
The epithelial layer, instead of forming an even layer, is invagmated 
into the underlying connective tissue layer in the form of simple or 

branched tubes. 
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PENING OF 
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These tubes are known 
as the gastric glands. They 
have very narrow cavities, 
which are lined by gland- 
ular cells and open by 
minute apertures into the lumen 
of the stomach (Fig. 5.29). 
The gland cells of the gastric 
glands are of two type> : 
cubical chief or pepiic cells 
that secrete an enzyme, called 
pepsin and ovoid oxyntic cells 
that secrete hydrochloric acid. 
The mixture of pepsin and 
hydrochloric acid form^ the 
gastric juice. The latter passes 


Fi* 5 29 LS Gastric gland gastric juice, . 

into the cavity ’ of the stomach though the .J^loped In !he 

gastric glands The muscularis m r j rcl ilar and an outer layer 

stomach and consists of an lnDer * y Oscular coat is also better 
of longitudinal muscle-fibres. 1 n 



ZOOLOGY 


56 

developed. It has circular fibres inside and longitudinal fibres outside. 
The greater development of the muscular coat enables the stomach to 
hold a large quantity of food and to chum it effectively. The peritoneum 
invests the muscular coat. It is continuous with the mesentery. 

Oesophagus. The oesophageal wall is also composed of the 
same four coats that exist in the intestinal wall. There, however, occur 
a few important differences. It lacks visceral peritoneum as it does 
not lie in the coelom. Its mucous membrane consists of stratihed 
squamous epithelium. Its muscle fibres are of striated or vo un ary 
type in the beginning but gradually change to smooth or involuntary 

type posteriorly. 

Liver. The liver (Fig. 5.30) is composed of polygonal cells each 
with a prominent nucleus, glycogen granules and fat droplets. The cells 
are arranged in a single layer around a network of spaces or lacunae. 
The lacunae contain blood capillaries whose wall is formed of a discon- 
tinuous squamous epithelium. These capillaries are called the sinusoids. 
Here and there the epithelium of the sinusoids has irregular phagocytic 
cells, which ingest worn out red corpuscles. The blood from the 
hapatic portal vein and the hepatic artery passes through the sinusoids, 
which ultimately empty into the hepatic vein. The liver is, thus, a 
spongy organ in the course of the blood from the gut to the heart. In 
ihe sinusoids the blood comes very close to the liver-cells, which 
regulate the amount of food materials in the blood. The liver-cells also 
secrete bile. It is poured into fine canaliculi, which are simply 
intercellular channels between the adjacent liver-cells, having no lining 
of their own. The canaliculi join to form bile-ductules, which in turn 
unite to form the main bile-ducts. 
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5.30. A part of a section of liver of frog 

Pancreas. The pancreas (Fig. 5.31) is composed of a large number 
of minute rounded masses, the lobules or acini, arranged like grapes 
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in a bunch. The lobules are held together by connective tissue. The 
latter contains blood-capillaries, lymp -c a . enclosed by a 

lobule or acinus has a narrow cavity or lumen , which is enclosea y 
single layer of columnar cells. The cells are glandular m nature, 
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blood capillary 

Fig. 5.3 1 . A part of a section of pancreas 

prominent nuclei and secrete _the The cavities 
juice helps in the digestion of prote , t jnt0 fine ductu i es lined 
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bans, occur here and ther t horir , 0 ne, the insulin- The hormone 

- d *'» ,be “ ,d " 
tion of sugar in the tissues. Its inner 

Lung. The wall of lowHdges or 'sept a, which enclose shallow 

surfnee bears a network of low ndg c< £, posed of three layers: 

depressions or a J e he and £ ciliated epithelium. The peritoneum 

peritoneum, connective t « sue a " prot ective in function. It consists of 
covers the lung externally- inside the peritoneum. Tt contains 

thin cells. The connective tissue 'V " D j] lar ies. Besides supporting the 
unstriated muscle-fibres ^ lungs. The ciliated epithelium 

blood-vessels, it provides ea ' ay Am fc „ ngst the ciliated cells are 
covers the connective tissue ’ '" ,e [“ al $; e muCLls secreted b y these cells 
found mucus-secreting g ,an( ? ‘ moist for the absorption of oxygen, 
keeps the inner surface of th g secretory and absorptive in 

The inner epithelium of the lung is, thus, y 

function. . *_ mAC . arteries, veins and 

Blood-vessels. Blood-vessels are of three typ . 

capillaries. 
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Fig. 5.32. T.S. Lung 


(a) Artery. The wall of an artery (Fig. 5.33 left) is formed of three 
coats : inner, middle and outer. The inner coat is called the tunica 
interna or intima. It has a layer of cells, the endothelium, lining the 
cavity of the artery and a layer of elastic tissue on the outside. The 
endothelial cells are flattened and are elongated along the length of the 
artery. The elastic tissue is often in the form of a fenestrated membrane. 
The middle coat is called the tunica media. It is muscular in nature. 
It consists of smooth or unstriped muscle-fibres arranged in circular 


elastic 

MEMBRANE 



CONNECTIVE TISSUE 


Fig. 5.33. T.S. Artery (left) and vein (right) 

manner. The larger arteries like arota and its immediate branches 
contam a good deal of elastic tissue mixed with the muscle-fibres in the 
middle coat. The outer coat is called the tunica externa or adventitia. 
It consists of areolar connective tissue with longitudinally arranged white 
an yellow fibres. This coat is quite tough and imparts strength to the 
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artery. It also prevents its undue expansion. Its outer limit is not clear 
and merges with the surrounding connective tissue. 

(b) Vein. The wall of a vein (Fig. 5.33 right) is formed of the same 
layers as that of an artery but shows a few differences. In the inner 
coat the elastic tissue is poorly developed and the endothelial cells 
are less elongated. The middle coat is much thinner due to fewer 
muscle and elastic fibres. The outer coat is better developed than in 
the artery. A vein, thus, has a thinner, less elastic, but stronger wall 
and a wider cavity than an artery of the same size. 


(c) Capillary. Wall of a capillary (Fig. 5.34) is extremely thin. It 
consists only of a single layer of cells or endothelium The thin walls ot 


the capillaries permit the ex- 
change of foods, gases, secre- 
tions and waste materials 
between the blood and the 
cells. 

Spleen. The spleen is a 
small rounded structure of a 
dark-red colour. It is attach- 



Fig. 5.34. T.S. Capillary 
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Fife. 5.35. T.S. Spleen 

ed to the mesentery by one end, the bilus. It consists of a 
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soft pulpy substance surrounded by an elastic wall or capsule 
(Fig. 5.35). The capsule is composed of a dense fibrous connective 
tissue containing numerous elastic fibres and many smooth muscle- 
fibres. The capsule is covered externally by a layer of flattened cells, 
the peritoneum. From the inner surface of the capsule arise a number 
of strands, the trabeculae, which extend into the pulpy substance. The 
trabeculae resemble the capsule in structure and divide the spleen into 
compartments or lobules. Artery, vein and nerve pass through the 
hilus and extend for some distance in the trabeculae before entering the 
pulp. The pulpy substance is of two types : the white pulp and the red 
pulp. The red pulp forms the bulk of the pulpy substance in which are 
scattered small patches of white pulp. Both the pulps are formed of 
reticular tissue* and splenic cell9. In the red pulp the recticular tissue 
is less dense and contains many free erythrocytes, which give it red 
colour. In the white pulp, the recticular tissue is dense and contains 
white corpuscles. Many of the splenic cells act as phagocytes and 
destroy the red corpuscles. 

The spleen is a very important organ as it serves many functions. 
It stores red blood-corpuscles and releases them when required. 
It destroys the worn out corpuscles and foreign germs. It also produces 
new corpuscles. An endocrine function has also been assigned to it, 
but the nature of its hormone is not definitely known. 

Kidney. The kidney is composed of many minute and coiled tube- 
like structures called the uriniferous or renal tubules (Fig. 5.36). These 
tubules are held together by connective tissue and are enveloped by a 
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capsule. Each tubule is closed at one end, while the other end opens 
into a large tube, the collecting tube (Fig. 5.37). The closed end is 
enlarged and depreseed to form a double-walled cup called the 


•Recticular tissue is a modified connective tissue in 
stance is largely replaced by lymph ; white fibres form 
fibres are few or none. 


which the Intercellular sub- 
a loose network and elastic 
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Bowman's capsule. The latter encloses a bunch of blood-capillaries 
called the glomerulus. The Bowman’s capsule and the glomerulus 
together from the Malpighian body. The Bowman’s capsule is lined 
with flattened cells. The ventral wall of the kidney is perforated by a 
number of minute funnel-shaped apertures, the nephrostomes. The 
latter connect the coelom with some of the veins inside the kidney for 
the passage of waste materials from the coelomic fluid. 


RENAL ARTER'i 



Fig. 5.37. A uriniferous tubule and its blood-supply 

The kidney receives blood from renal arteries and renal portal vein. 
Each renal artery on reaching the kidney breaks up into small branches. 
Each branch enters the Bowman’s capsule, where it forms the 
glomerulus. This branch is called the afferent vessel. The blood from 
the glomerulus is taken away by the efferent vessel, which forms a 
capillary network around the uriniferous tubule. The renal portal vein 
also forms capillaries round the tubule. The blood from the tubules 

is drained away by renal veins. 

The process of urine formation is discussed in chapter 23. 


Ovarv The ovary (Fig. 5.38) is a hollow sac of irregular shape. 
Its wains thin and folded as to divide its cavity into compartments 
or lobes. The wall is formed of connective tissue or s ‘ r0 “ a of co fl n ‘™ 
blood-vessels and nerves. It is lined internally by y 
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cells and is covered externally by germinal epithelium. The latter is 
simply a modified peritoneum. The germinal epithelium buds off cells 
called the oogonia from which arise ova or eggs through a complicated 
process of oogenesis (Fig. 4.8). Groups of oogonia form the ovarian folli- 
cles, which form small projections on the surface of the ovary. One of the 
oogonia in each follicle develops into a mature ovum and others form 



Fig. 5.38. A part of section of frog’s ovary 

the outer layer of the follicle. Round the ovum there is a thin 
membrane, the vitelline membrane. This membrane is secreted by the 
ovum itself. When the ova are mature, the follicles rupture and the 
ova are released into the body-cavity. This process is called ovulation. 
The ovum is a rounded cell containing a nucleus at '•its centre. The 
cytoplasm is laden with yolk granules, which are both albuminous and 
fatty in nature. These granules are the food of the developing embryo. 
The granules are localised at one pole of the ovum. It is called the 
vegetative pole, the other pole is the animal pole. When an ovum tends 
to mature, the animal pole becomes black on account of the black 
pigment deposited on its outside. The vegetative pole, however, 
remains white. 

Testis. The testis is composed of many microscopic tubules called 
the crypts (Fig. 5.39). These crypts are held together by connective 
tissue, which contains blood-capillaries and nerves. The crypts are 
wrapped in a fibrous capsule. The latter is covered by peritoneum. The 
wall of a crypt _ is formed of a layer of actively dividing cells, the 
germinal epithelium The epithelium produces rounded cells called the 
spermatogonia (Fig. 4.10). The latter pass into the cavity of the crypt 
and are transformed by an elaborate process of spermatogenesis into 
the male germ cells known as the spermatozoa or sperms. A sperm 
consists of a small rod-like head having the nucleus and a long whip- 
like cytoplasmic tail (Fig. 5.40). 


The crypts open into a narrow cavity in the centre of the testis. 
This cavity communicates with the kidney of its side by means of small 


filSTOLOGY 


63 


ducts called vasa efferentia. These ducts carry sperms from the testis 
into the collecting tubules of the kidney, where they mix with the urine 
and pass out through the urinogential duct. 



. _ r Fig. 5.40. Spermato- 

Fig. 5.39. Testis of frog zoon of frog 
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containing granules of a dark-hrown pigmem. 
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r „ r.ltc The receptor cells of the retina are 

(ii) Layer of Receptor Cells. visual cells or photoreceptors, 

sensitive to light and arekno , Wn arranged with their long axes per- 
They are greatly elongated and are . the ro( j 

pendicular to the surface of the retina. They are oi 

cells and the cone cells. 

(а) Rod Cell. A rod ceil (Fig. ^ ^/rod fibre. The 

part, the retinal rod, and an i nne t cylindrical segment containing 
retinal rod shows two segments • the y rhodopsin, and the inner 

a purplish- red pigment, die visua P P e p e place t0 house 

slightly-bulged segment. The rod fi ^ is s ^^ u 
the nucleus and ends internally in a small knob. 

(б) Cone Cell. A cone cell (Fig 5.42) census ^ ^^0 fibre, 
tapering part, the retinal cone, and an inner s P 
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The retinal cone further shows two segments : the outer conical segment 
and the inner bulged segment. The cone fibre is enlarged externally to 
house the nucleus and ends internally into a number of fine branches. 


CONE CELL 



INTERNAL 

LIMITING MEMBRANE 


Fig. 5.41. V.S. Retina of frog (Diagrammatic) 

Rod and cone cells are not evenly distributed over the retina. A 
small depressed area, the fovea centrails, has only cone cells. It lies 
right at the posterior pole of the eye-ball. It is the point of maximum- 
vision. 

(///) Layer of Bipolar Nerve-cells. These are nerve-cells with large 
nuclei. Each ceh has two processes : the axon on one side and the- 
dendron or dendrite on the other. The dendrons of all the cells extend 
outward and form synapses with terminations of rod and cone fibres. 
Synapse is a close juxtaposition of processes of the nerve-cells without 
any organic connection. The axons of the bipolar cells extend inwards- 
to form synapses with the dendrons of the next layer of cells. 

(iv) i Layer of Ganglion Cells. These are large nerve-cells, each 
with a large axon and a dendron. The dendrons, as stated above,. 
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Fig. 5.42. A rod and a cone cell 

tht* axons of the bipolar cells, 
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reduced light. Soon visual purple is restored and rod cells beein to 
function and one starts seeing in the dark. 

Man’s vision is poor in the dark as his eyes have fewer rod cells 
Nocturnal animals like cat, deer and owl, have rod cells in abundance 
and can see clearly in the dark. 

Histology of the mammalian skin, bone and blood is described in 
chapter fifteen, sixteen and nineteen respectively. 

TEST QUESTIONS 

1. What is a tissue ? Name the various types of tissues and describe any two. 

p What*. histology ? Give an account of Cartilage, Skeletal Muscles, Ciliated 
Epithelium, Blood and Medullatcd Nerve-fibres. 

3. Explain the following terms : — 

FtaSte Marrow' 1 '" 1 * PCricho " dri ™ 1 ' Neuron, Neurilemma, Collagen, 

'!• Draw » labelled figure of the T. S. of decalcified femur of frog. 

5. Give the histological structure of the following : 

Kidney, Stomach, Liver, Skin of frog, Retina, Pancreas. 

Make labelled sketches of the following 
T.S. Intestine of frog, T.S. Spleen, T.S. Testis. 

7. Write brief notes on 

Peritoneum""'' CU " CS * ,S ' ards ° f Langfrhars - Mucous Membrane, Glomerulus, 

8. Explain the following terms : — • 

Connet*n° C Tisme^N*phro* , |ome, , '\'iteH l ine n Mcmbrane. Endo "' cli ™- ^.icular 
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Amoeba proteus 


(The Proteus 


Animalcule) 


Amoeba was first recorded in the yea ,, 7 X ( ier ! are several species ol 
who described it as “the little Proteu 11 detajls of these, Amoeba 

differing from one another in mmo d , lular animals 

proteus is selected to '^duce the realm strU cture and 

to the students of Biology becaiis be easily procured from artificial 
relatively large size. Moreover, it can Pe easily t 

culture. 

Habitat and Habits inhabits fresh-water 

Amoeba proteus is a free-living ^ - n g or g a nic matter. 

V, 


Culture of Amoeba proteus i s co ™ \ ; ? y 1 ac^ ^ISae appear 

dry leaves submerged in wa specially numerous in the 

in y this culture in two to four day. They are spec^ rhey ha(ch from 

,.J Colour. i" X““cXo” *?.' ho” 

thoroughly justifies its name ^'"wer chlngi ng its shape). The 
in Greek mythology having the power ol cha g g jon of 5Umt 

irregular and ever-changing shape >s due to me ^ arc caUed 

projections from the surface of the body, i nese p j 

pseudopodia. 


67 


68 ZOOLOGY 

Plasmalemma. The body of Amoeba is bounded by a very thin and 
delicate covering. It is called the plasma membrane or plasmalemma. 
Electron microscope shows it to be two-layered. It has little firmness, 
but considerable elasticity. It possesses a good degree of power of 
regeneration and quickly repairs itself if injured. The plasmalemma 
prevents the animal sticking to the substratum, keeps the protoplasm 
intact and regulates the exchange of materials between the protoplasm 
and the surrounding water. 

Protoplasm. Body of Amoeba (Fig. 6.1) is composed of the living 
matter or protoplasm. A small but prominent structure of specialised 
protoplasm, termed the nucleus, lies more or less in the centre of 
the protoplasm. The part of protoplasm outside the nucleus is known 
as the cytoplasm. The latter shows two distinct regions : the ectoplasm 
and the endoplasm. There i?, however, no visible line of demarcation 
between the two regions. 

1. Ectoplasm. The ectoplasm forms a thin, clear (non-granular), 
relatively firm, peripheral layer of cytoplasm. It is slightly thicker on 
the advancing side of the body and at the tips of the pseudopodia. 
This suggests that the ectoplasm has a protective function. It bears a 
few ridges, which make it a supporting layer also. 

2. Endoplasm. The endoplasm forms the granular central mass, 
which constitutes the bulk of the animal. It occurs in two colloidal 
states: the outer viscid plasmagel underlying the ectoplasm and the inner 
more fluid plasmasol. The latter shows slow streaming movements in 

ic iving animal. The endoplasm contains, besides the nucleus and 
granules a large contractile vocuole and a number of small non- 
n ractile food-vacuoles, minute nutritive spheres representing reserve 
oo matenal and variously shaped crystals representing waste matter. 
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Fig. 6 1. Amoeba proteus 

The nucleus has the form of a biconvex disc in the 
but may be folded or convoluted in the older 
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Qnprimens It is highly granular and, therefore, refractive to light. It 
consists of a two-layered nuclear membrane surrounding a large number 

fovei 500) of chromosomes scattered in a fluid, the nuclear sap The 

^ i • . ctatinnarv It is carried along in the currents of the 

nucleus ,s not stationary ^ ^ ^ activities ofthe5ody . 

ItTs'show'n by the fact that the denucleated animal ultimately dies. 

contractile Vacuole. The contractile vacuole is a prominent, 
spherical, bubble-like body, which contracts and d.sappears giving 

piKalSu/ and L end of the 
b 2SiS e S«k S vary in size and number. They 

are sphencal and cnclose the ingested food-particles and water. Food 
undergoes digestion in these vacuoles. 

Phy ThS acellular, Amoeba exhibits all the activU.es of life. It moves 
about nourishes itself, respires, grows, excretes, responds to stimuli and 

reP Lo d como S tio„. Amoeba, like other animals, moves in order to a^ro^h 

a food-particle or to creep away frornthe e ne pseudopodia, 

environments. The movements are brought about b P «“ d °P od nd 

Being thick, blunt and «>«npoMd of Several 

theo°riesha’ve been^ut forward about the 5 



Fig. 6.2. Diagram showing the change. , that occur in the 
cytoplasm during locomotion of Amoeba 

According to this theory the plasmagel o/S^terior 

versa for the formation of pseudopod.a A t me ““ “ | 2) and lhus 

end, the plasmagel partial ly *"8 " than the rest of the plasmagel. 

becomes much thinner, softer and and causes a 

The plasmagel of the opposite to ^poste d Duc t0 thc hydraulic 
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plasmagel which, being weak, cannot withstand the pressure and 
develops an outward bulge to receive the plasmasol. As the plasmasol 
enters it, the bulge steadily elongates. At the periphery of the bulge, 
the plasmasol changes into gel state. Thus, a tube of plasmagel with a 
core of plasmasol and a covering of ectoplasm is formed and this is the 

pseudopodium. The plasma- 
gel at the rear end, at its 
junction with the plasmasol, 
continuously changes into the 
plasmasol that flows forward. 
This results in the withdrawal 
of pseudopodia from the 
posterior side and ensures 
continuous supply of plasma- 
sol to the developing pseudo- 
podia at the advancing end. By forming pseudopodia continually in 
one direction, Amoeba slowly changes its position as well as its shape. 
The flowing movements of Amoeba are discribed as the amoeboid move- 
ments. Amoeba can cover a distance of about 25 mm. per hour by these 
movements. All the pseudopodia may not be in one plane. A few 
short pseudopodia are formed on the ventral side so that Amoeba 
appears to be walking on their tips (Fig. 6.3). 

Nutrition. Amoeba proteus is holozoic, i.e. takes solid organic food. 

Its food consists of acellular plants like bacteria and diatoms, other 

protozoans like flagellates and ciliates, small fragments of multicellular 

organisms and organic debris. It is, thus, omnivorous in diet. It is able 

in some way to select its food, prefering diatoms and small flagellate 
Chilomunas . • a 



Ingestion or intake of food can occur at any point on the body as 
there is no mouth in Amoeba. It is captured with the help of pseudo- 
podia. On approaching a food-particle. Amoeba extends a cup-shaped 
pseudopodium, the food-cup, around it (Fig. 6.4). The food-cup soon 
doses on other side of the food-particle. The food-particle is now 
inside the body. A droplet ol water is also engulfed along with the food- 
part icle. This droplet ot water surrounds the food-particle and forms 
the non-contraclile foot -vacuole. The food-vacuole is bounded by the 
plasma membrane and ectoplasm, which were formerly parts of the 
corresponding structures covering the entire body. The entire process of 
capturing a food-particle takes only a minute or two. 1 

Digestion of food takes place inside the food-vacuoles which, thus 
senj as temporary stomachs. Digestive enzymes are secreted into the 

?o«. V fu UO r eS a b -' the surrou . lldln « cytoplasm. The enzymes gradually 
digest the food, i.e. convert it into a diffusible form. Contents of the 

food-vacuoles are first acidic and then alkaline in reaction. This 

corresponds to the acidic phase of digestion in the stomach and alkaline 

fr! t / ' n | h '! he u an ' ma ! S including man. The enzymes reported 
from Amoeba include the amylase, which converts the starches into 

sugars, lipase that changes fats into glycerine and fatty acids, proteinase. 
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which breaks proteins into peptides and dipeptidase that transforms the 
peptides into amino-acids. 

The soluble foods resulting from digestion pass through the membra- 
ne of the food- vacuole into the surrounding cytoplasm. This is called 
absorption of food. As digestion and absorption proceed the food 
vacuoles decrease in size till only indigestible matter is left in them. 
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4 FOOD CUP CLOSES ROUND 
FOOD PARTICLE TO 
FORM FOOD VACUOLE 


3- FOOD CUP SURROUNDS 
FOOD PARTICLE 


FOOD 

VACUOLE 


Fig. 6.4. Ingcslion of food by Amoeba 

_. , .. fnnr i* diffusing into the cytoplasm are synthesized into 

The soluble foods " n a g ssimilation a y nd resu lts in growth. Some 

foodTs synthesized into storage products like glycogen and fats. Synthe- 
ses occurs under the influence of enzymes. 

ruination of indigestible food also occurs at any point 
Egestion or cl nm nation ot motg ^ ^ ^ Jhe indigestiblc 

on the surface of *Jj e ja .J'food-vacuole is denser than the surrounding 
matter or faeces left in hehinds in the endoplasmic currents. This 

endoplasm and, therefore, 8^^ ^ p i asmalem ma at the hind end 

vacuole finally c « s “ emma ruptures at this point and the faeces 
goesouT'a"! aTtima'l’movesahead. P P.a,malemma soon gets repaired 
to prevent the outflow of endoplasm. 

_ • ResDiration comprises the absorption of. oxygen and 

Respiration. Kespira Z ba resp iration or gaseous exchange 

liberation of carbon dioxid* In Amoeoc ^ The water where 

takes place thr0U fV^ oxyge n in dissolved state. This oxygen comes 
Amoeba lives contains s0 ™ f rom the aquatic plants. The 

in the water from t^he a mosphere or .trom J n^q ^ . » the bodv of 

partial pressure of the diss W af er Da sses into the organism through 
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this process foods break down into simpler substances like water, carbon 
dioxide and nitrogenous wastes. This is accompanied by the release of 
energy, which is used by Amoeba in its various activities. The carbon 
dioxide formed in the body has a greater partial pressure than that in 
the outside water. Consequently, it leaves the body by diffusion through 
the plasma membrane. 


Growth. Two processes occur side by side in the body of Amoeba. 
New protoplasm is built up from the food (anabolism) and the proto- 
plasm is also broken down for releasing energy (katabolism). These 
processes together constitute the metabolism. Normally, anabolism 
outweighs katabolism so that protoplasm is gradually added to the 
body. This results in growth. On attaining its maximum size, Amoeba 
divides into two. 


Excretion. Excretion is the elimination of nitrogenous waste 
materials from the body. In Amoeba , these materials are mainly 
ammonium compounds. They are isolated from the cytoplasm by 
crystallization in small vacuoles. Young Amoeba , when liberated from 
the cyst, is free from excretory crystals. The crystals soon appear and 
increase in size with the growth of Amoeba. They are got rid of with the 
residual cytoplasm during multiple fission. 

Some nitrogenous waste matter is also eliminated through the 
general surface of the body by diffusion. Probably, a part of excretion 
occurs through the contractile vacuole too. 


Osmoregulation. Osmoregulation means keeping the water-contents 
ot the cell constant The cytoplasm of Amoeba is denser than the 
outside water and thus, it has a relatively high osmotic pressure. There- 
fore w,, te r enters the body through the plasma membrane by a process 
cal ed endosmosis. Water is also taken in along with the food-particles. 
In the act of respiration also some water is formed in the body If 
water goes on gathering in the body, the animal may burst. Therefore, 
the excess of water needs elimination to save Amoeba from bursting 
1 his is brought about by tne contractile vacuole. * 

The : contractile vacuole appears as a small bubble near the hind 
end cl the organism and is carried along by the streaming endoplasm to 
a Place near he nucleus. Here it enlarges due to accumulation of 
water in it. When full, it shifts backwards to reoccupy its place of 
appearance. Now, it rises to the surface and on reach. big tlie n?asma 
membrane, it bursts due to contraction of surrounding cytoplasm and 

po u enables U lo P rotect “self from the unfavourable 
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environmental conditions. 
Amoeba responds to all sorts 
of stimuli, like contact, light, 
chemicals, temperature, elec- 
tricity and humidity. A 
creeping Amoeba , when touch- 
ed by a solid object, stops for 
a moment and then turns away 
from the obstacle to avoid it. 

A floating Amoeba , on the 
other hand, sticks to a solid 
object if it comes across in 
the way. Amoeba moves away 
from strong light, but prefers 
dim-lit areas. It also moves 
away from strong chemicals : 
acids, alkalies and salts. It 
shows normal activity at tem- 
peratures between 20° C to 
25°C. Any decrease in the 
temperature slows down its 
activity. Amoeba contracts 
into a spherical mass if an 
electric current is passed 
through water in which it 
lives. When water dries up ; 
Amoeba secretes a protective 
cyst around itself. 

Encystment. Encystment 
occurs in Amoeba proteus on 

the approach of unfavourable 
conditions. In this process, it 
withdraws its pseudopodia and 
assumes a spherical form. Its 
protoplasm contracts by ex- 
pelling outwater and secretes 
• around it a thick chitinous 
protective covering called 
the cyst-wall. The structure, 
thus formed, is known as the 
cyst. Inside the cyst, Amoeba 
lies dormant, showing no sign 
of life. In this condition, it 
is not affected by drought, 
heat, cold, etc. The cysts, 
therefore, lie safe in the dry 
mud. On the return of favour- 
able conditions, the cyst 
breaks and Amoeba starts 

active life. 



(l) 

AMOEBA READY 
FOR DIVISION 



a) 


nuclear membrane disappearing 

AND CHROMOSOMES LINING 
UP AT THE EQUATORIAL PLATE 



/ (3) L/ 

DAUGHTER CHROMOSOMES 
HAVE SEPARATED CONSTRICTION IN 
t HE CYTOPLASM HAS APPEARED 



daughter amoebae 

Fig. 6.5. Binary fission in Amoeba 
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From the dry mud, the cysts may be blown by the wind with the 
dust particles to new places of water. They may also be carried to 
new localities with the mud on the feet of various animals. On 
reaching water again, the cysts break to liberate the protected amoebae. 

Encystment, thus, serves two functions. It enables Amoeba to tide 
over periods of drought (perennatson) and also brings about its disper- 
sal. It is from the cysts that amoebae are produced in the culture. 

Reproduction. All the above mentioned vital activities occurring in 
the cytoplasm are controlled by the nucleus. When the cytoplasm has 
grown to its maximum size, any further growth will impair the con- 
trolling power of the nucleus by disturbing the nucleo-cytoplasmic ratio. 
Therefore, at this time, division or reproduction starts. 

There is only asexual reproduction in Amoeba. It takes place in 
two ways : binary fission and multiple fission. 

1 . Binary fission. Binary fission is the division of the parent 
Amoeba into two daughter amoebae (Fig. 6.5). It occurs during favour- 
able conditions and takes 33 minutes at 24 c C. It begins when the animal 
has attained its normal size. For binary fission, Amoeba becomes more 
or less rounded, retaining short blunt pseudopodia. The nucleus divides 
into two nuclei by a modified mitosis. The two daughter-nuclei move 
away from each other. In the meantime, the body of Amoeba elongates 
and develops a constriction around its middle between the two nuclei. 
The constriction deepens and finally divides the body into two similar 
halves. This results in the formation of two daughter amoebae, each 
with one nucleus. The daughter amoebae feed and grow till the normal 


NUCLEUS OF 



UNUSED CYTOPLASM 
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CYSTS 
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I ig. 0.6. Multiple fission in Amoeba 


size is reached. This takes about three days. The daughter amoebae 
now repeat the process of binary fission. 
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2. Multiple Fission. Multiple fission is the division of a parent 
Amoeba into several daughter amoebae simultaneously. It usually 
occurs during unfavourable conditions like approaching desiccation, 
changing pH, etc. The chromosomes multiply by repeated division to 
produce numerous sets of chromosomes within the nuclear membrane. 
The nuclear membrane then disintegrates and the sets of chromosomes 
are set free in the cytoplasm (Fig. 6.6). Each set develops a nuclear 
membrane round itself and becomes a regular nucleus. Several nuclei 
are, thus, formed in the cytoplasm. A fragment of cytoplasm now 
gathers round each nucleus. Each nucleated mass of cytoplasm becomes 
surrounded by a tough resistant covering, the cyst-wall, and is cal led 
the cyst. In this way, several (about 200) cysts are formed within the 
parent body A part of the cytoplasm of the parent remains unused in 
the formation of the cysts. The residual cytoplasm contains excretory 
crystals of the parent. It later on disintegrates to libeiate the cysts. 
The cysts remam inactive or dormant during the unfavoui able condi- 
tions On the return of favourable conditions, each cyst hatches intc 
a small Amoeba , which starts active life. This method of multiple fission 
is also called speculation and the cysts formed, the spores. 

Speculation is known to occur during the favourable cojul.tions also 

atess ssStoK.! sr~3£ ? 

survive during unfavourable conditions an t ^ 

crystals 

Some amoebae undergo multiple fission inside ^ cyjt ^F.^ 6 7). 
In this process, the nucleus divides seve, a! times “ > prodm -e aw g f 

number of nuciei, which come to lie ne a ( P lu „^( er Amoeba. As 
cytoplasm gathers around each nucleus o^ . ‘ st xhey are set 

many as 500-600 amoebae may be : formed rab , e y conditions . The 

free when the cyst break; 8 ° " *"? "eudopodia and are sometimes termed 
young amoebae possess pointed P xhcy | ea d an active life and 

the pseudopodiospores or amoebuiae. > 

ultimately grow into the adult animals. 

Calkins has pointed out a sexual method of reproduction in Amoeba 
proteus, but his observations lack confirmation. 

Immortality. Amoeba u “ s al { y b y two' 0 d n aughter 1 'amocbac. 

the parent Amoeba d" ides Uscl f q can aftenvards die. Though 

It does not retain with itself a. yim^ cannot be sa|d , Q have die d, as 
the parent Amoeba loses its e«st t aftcr binary fission, starts 

no dead body is found. In ' ac ^ ‘ w in size and aftcr undergoing 

rarras 

Ek“u dHn accidental death in which i. »™ '« 

crushed or eaten up by large anima s. 

Regeneration. Power of parked® in ^Amoeba *' A part 'of Amoeba 
termed regeneration. It «s weiI 111 
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SURFACE VIEW OF THE SECTION OF THE CYST 

CYST-SPORES. ARE VISIBLE SHOWING NUMEROUS NUCLEI 



Liberation from the 

CYST HIGHLY MAGNIFIED 

Fig. 6.7. Multiple fission inside a cyst 

containing a nucleus functions normally and eventually grows into a 
complete organism. A part without nucleus, however, perishes. This 
suggests that the nucleus controls the life-activities of the body of 
Amoeba. 

Adaptations to Environment 

1. Minute size, light-grey colour against the background of mud, 
extremely slow movement and preference for dim-lit areas render 
Amoeba unnoticeable by its enemies. 2. Flattened form facilitates diffu- 
sion of oxygen into the body and of carbon dioxide and nitrogenous 
waste materials out of it. 3. The contractile vacuole provides it with a 
wonderful device for getting ricf of water constantly diffusing into the 
body. 4. Omnivorous habit ensures adequate food everywhere. 5. High 
rate of binary fission maintains its population during favourable condi- 
tions. 6. Cyst-formation affords a good means of tiding over unfavour- 
able conditions and dispersal to new localities. 

Position in the Animal Kingdom 

Amoeba is often icgardcd as the most primitive animal from which 
all other animals have evolved. This, however, does not seem to be 
true as the flagellates appear to be more primitive than amoebae. 

Amoeba is also considered to be the simplest animal. Its simplicity 
is, however, limited to structure only. Physiologically, it is as complex 
as any other animal, because it carries on all the vital functions of life. 
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Classification 

The proteus animalcule belongs to the 

Phylum : Protozoa Because of being acellular. 


Sub-phylum : Plasmodroma 

Class : Sarcodina or 
Rhizopoda 

Order : Amoebida 

Family : Amoebidae 
Genus : Amoeba 

Species : proteus 


Because of having pseudopodia and 
lacking both nuclear dimorphism 
and conjugation. 

Because of having pseudopodia. 

Because pseudopodia are blunt and 
do not anastomose. 

Because of being naked. 

Because of being free living and 
having a contractile vacuole. 

Because pseudopodia are often very 
long and sometimes branched and 
because there is a single nucleus 
with scattered chromatin. 


TEST QUESTIONS 

i rr »„ *. — »< - * 

^ 3! he M^k 8 ea l labelled sketch showing the structure of Amoeba. 

4. Describe the function of ^ (<#) Food _ vacuole . 

(a) Pseudopodia, (b) Contract A j J Amoeba <] How can we prepare 

5. What do you know about the habitat oi 

culture of this organism in the laboratory . 


.CHAPTER 




Plasmodium vivax 


(The Malarial Parasite) 


An organism, which obtains its food from another living organism is 
known as a parasite. The organism upon which a parasite feeds is term- 
ed the host. The organism, which causes malaria, is a parasite, hence 
malarial parasite. 

Geographical Distribution 

Plasmodium vivax is almost cosmopolitan in distribution. It occurs 
from 60°N to 40°S latitude. Its incidence is, however, much higher in 
the warmer parts of this region than in the colder parts. 


Hosts 


Plasmodium vivax has two hosts : man and mosquito. While it 
causes malaria in man. it is practically harmless to the mosquito. There 
must, of course, be some drain on the nutritive resources of the 
mosquito, but it seems to have developed tolerance to wastage of food. 

Mosquito contains the sexual phase of the parasite and is regarded as 
the primary or final host*, whereas man harbours the asexual phase and 
is termed the secondary or intermadiate host. Not all mosquitoes serve 
as the hosts of this parasite. It is only the female of the genus Anopheles 
which is the vector. It can be distinguished from the male by straight, 
unbranched and almost hair- like antennae. The male Anopheles has 
much branched antennae. Anopheles and the common house mosquito, 
called Ctdc.x. can be differentiated by their resting posture on a vertical 
surface. Cidcx keeps its body parallel to the surface, while Anopheles 
makes an angle with it. Moreover, Anopheles has spotted wings. 


Life-cycle (Tig. 7. 1 ) 

The life-cycle of y , /o’.s7//vu//'//?z vivax may be sub-divided into three 
phases : a phase of growth and asexual multiplication occurring in man 
and called schizogony ; sexual phaser or gamogony which starts in man 
and is completed in the mosquito ; and an- asexual multiplicative phase 
termed sporogony in the mosquito. 

X. Schizogony. Schizogony further consists of two phases : (a\ 

the cNoerythroeytic or hepatic schizogony, which occurs in the liver-cells 


*In strict usage, the host v.lmh contains sexual 
primary, the ether sccomlan. S* me authois. lor 
man as the primare host. 


phase of the parasite is called 
P> rely medical reasons, regard 
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of man and ( b ) erythrocytic schizogony, which takes place in the red 
blood-corpuscles or erythrocytes of man. 

(a) Exoerythrocytic Schizogony. The parasites find their way into 
the blood of a healthy man along with the saliva of an infected female 
Anopheles mosquito, which bites for getting a blood-meal. At this stage, 
the parasites are called the sporozoites. Each sporozoite has a slender, 
slightly curved body tapering at either end. It is only 0 - 002 mm. long 
and contains a nucleus in the broad middle part. It is enclosed in a thin, 
firm and elastic cuticle, which imparts it a definite shape (Fig. 7.1). In 
about half an hour after their inoculation, the sporozoites leave the 
blood stream and get into the parenchymatous cells of the liver. Here 
they become spherical and are called the cryptozoites. Inside the liver- 
cell, the cryptozoite grows at the expense of its glycogen, fat and 
cytoplasm and forms a large rounded structure, the schizont. The latter 
undergoes multiple dssion. In this process, the nucleus of the schizont 
divides into numerous nuclei, each ultimately gathering a bit of 
cytoplasm round itself. This results in the production of about 1,000 
tiny parasites called the cryptomcrozoites in a schizont. The rupture of 
the schizont and the liver-cell liberates the cryptomerozoites into the 
liver-sinusoids. The sinusoids are small blood channels with incomplete 
lining. From the sinusoids, the parasites enter fresh liver-cells to restart 
the exoerythrocytic schizogony. 

When the cryptomerozoite has entered another cell of the liver, it is 
known as the metacryptozoite. It grows in size to form the schizont. 
The latter undergoes multiple fission and forms about 1,000 parasites 
called the metacryptomerozoites. The latter are of two types. Some are 
smaller and more numerous. They are called the micrometacryptomero- 
zoites. Others are larger, but fewer. They are termed the macrometa- 
cryptomerozoitcs. Both types are released into the liver-sinusoids on the 
rupturing of the schizont and the infected liver-cell. The above described 
schizogonic cycles occur in the liver-cells before the parasites invade the 
red corpuscles of the host. Therefore, they constitute the pre-erythrocytic 
phase of the exoerythrocytic schizogony. It takes about 8 — 10 days. 
Thereafter, the parasites follow two lines of action. The smaller ones oi 
micrometacryptomerozoites do not invade the liver-cells, but instead 
enter blood-stream and attack the red blood-corpuscles, thereby 
r. ommg pg inft the erythrocytic schizogony. The larger ones or rnacro- 
metacryptomerozoites remain in the liver and invade the fresh liver-cells 
to start the posterythrocytic phase of the exoerythrocytic schizogony. 
The parasites formed in the posterythrocytic phase constitute a reservoir. 
They remain in the liver unaffected by medicine and natural immunity 
of the host. Whenever the immunity or resistance falls, the reserve 
parasites escape from the liver-cells into the blood-stream and attack 
the red blood-corpuscles, thus, causing relapse of malaria. 

(b) Erythrocytic Schizogony. The erythrocytic schizogony starts 
when the parasites enter the red blood-corpuscles. Inside the corpusce, 
the parasite assumes a rounded form and starts growing at the expense 
of the corpuscle. During the growth period, it is called the trophozoite. 


*OVW01S NO) A r 
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The trophozoite develops in its body a large food-vacuole, which pushes 
the nucleus to one side. This gives the trophozoite the apP e a ranee ot 
a signet-ring. This stage is called the signet-ring stage. With further 
growth, the vacuole disappears and the trophozoite assumes an 
irregular or amoeboid shape. The trophozoite is now m the amoeboid 
stage. With the help of its pseudopodia, the trophozoite ingests the 



Fig. 7.1 


Life-history of Plasmodium vivax 
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cytoplasm of the corpuscle. The cytoplasm of the corpuscle is digested 
and assimilated by the trophozoite. The haemoglobin is not digested. 

It gets decomposed into a yellowish-brown or black pigment, the haemo- 
zoin or melanin, which lies in the cytoplasm of the trophozoite. In 
about 36 hours, the trophozoite becomes mature. It, again, assumes a 
rounded form. It almost fills the corpuscle, which also gets enlarged in 
size It is now readv for multiple fission and is called the schizont. Its 
nucleus divides to form 12 to 24 nuclei. The latter come to lie near the 
periphery leaving the melanin in the centre. A bit of cytoplasm gathers 
round each daughter nucleus so that 12 to 24 tiny, uninucleate bodies 
are formed These are called the merozoites or schizozoites. They are 
shorter and thicker than the sporozoites and are oval in snape. A 
portion of the cytoplasm of the schizont does not participate in the 
formation of merozoites. This residual cytoplasm contains the melanin 
and the metabolic wastes or toxins are produced by the parasite. The 
merozoites arrange themselves around the residual cytoplasm like the 

petals of a rose flower. This stage is called the rosette stage. About 

48 hours after its infection, the weakened corpuscle ruptures and the 
merozoites are released into the plasma along with the residual cyto- 
plasm', melanin and toxins. The residual cytoplasm and melanin are 
eaten up by phagocytes in the spleen, kidney and liver. Some merozoites 
are also destroyed by white blood- corpuscles, but many enter the fresh 
red corpuscles and repeat the erythrocytic schizogony to increase the 
number of parasites in the blood. 

With the rupturing of the erythrocytes, the patient suffers an attack 
of malarial fever. In other words, an attack of malaria coincides with 
the completion of erythrocytic schizogony. In Plasmodium vivax , the 
erythrocytic schizogony takes 48 hours and, therefore, the fever recurs 
rhythmically every third day. The fever has been ascribed to the release 
of toxins from the merozoites. These toxins have not yet been experi- 
mentally demonstrated. The appearance of fever is due to the high 
metabolic activities of the patient in order to counteract the chilly effects 
produced by the destiuction of the red corpuscles and the toxins released 

in the plasma with their destruction. 

2 Gamogony Every erythrocvtic schizogony increases the number 
of parasites in the blood of the patient. After some time, they become 
so numerous that the host is likely to die due to large-scale destruction 
of red corpuscles. The death of the host indirectly means the death of 
the parasites also. The parasites may also be destroyed by the power of 
resistance developed in the host as a result of infection. In both the 
cases, the transmission of the parasites to a new host becomes essential 
for their sufetv For this purpose, certain merozoites, utter entering the 
red corpuscles do not develop into schizonts. They, instead, develop in- 
to compact rounded bodies, which lack a vacuole and grow more slowly. 
These are the sexual forms and are called the gametocytes or gamonts. 
The gametocytes are of two types : male or microgametocytes and female 
or macrogametocytes. The microgametocytes are smaller and fewer ; 
their nucleus is relatively large and centrally placed ; and their cytoplasm 
stains faintly due to lack of reserve food. The macrogametocytes are 
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large and more numerous ; their nucleus is comparatively small and 
excentric ; and their cytoplasm stains deeply due to the abundance of 
reserve food. Both types of gamstocytes have more melanin than the 
schizonts The gametocytes are unable to develop further in the human 
blood They die if not sucked up by the female Anopheles mosquito. 
They are also destroyed if sucked up by other types of mosquitoes. The 
mosquito sucks, along with the blood, not only the gametocytes, but also 
stages of erythrocytic schizogony. In the stomach of the female Anopheles 
mosquito, all the stages, except the gametocytes, are digested. The 
gametocytes, however, can withstand the action of digestive juices, they 
rupture the corpuscles and become free in the stomach of the mosquito. 

The development of the gametocytes in the mosquito’s stomach 
involves two important events : gametogenesis or gamete-formation and 
fertilization or fusion of male and female gametes. 

(a) Gametogenesis. Each microgametocyte produces a few male gametes 
or microgametes by a sudden and explosive process, called exflagellation 
or flagellation. In this process, the nucleus of the microgametocyte 
divides to form 4 to 8 daughter nuclei; which migrate to the periphery. 
Then 4 to 8 long, slender threads of cytoplasm suddenly shoot out from 
the surface of the gametocyte. One daughter nucleus passes into each 
thread. This forms the male or microgametes/ To begin with, the male 
a a metes are attached to the unused cytoplasm'of the gametocyte having 
melanin in it. Soon, however, they become free from the residual cyto-. 
pkum and start swimming by lashing movements in search of ihe female 

gametes. 

The nucleus of the macrogametocyte cuts off one or two small frag- 
ments, which are excluded from the gametocyte with a bit of cytoplasm. 
The excluded structures probably correspond to the polar bodies. The 
macrogametocyte has now become a female or macrogamete. 

(b) Fertilization. The female gamete develops a small projection, the 
cone of reception, on one side. One male gamete penetrates the female 
gamete through this cone. The pronuclei and cytoplasm of the two 
gametes completely fuse to produce a single cell, the zygote, with a 
fusion nucleus, the synkan_QIL- 

The zygote, when formed, is rounded and motionless. It soon 
becomes elongated and worm-like and starts moving on the lining of 
the stomach. It is now calle d the ookinete or vermicule. The ookinete 
pierces through the wall of the stomach and comes to rest just beneath 
its outermost layer. Here it assumes spherical form and gets enclosed 
in thin, elastic, and pervious cyst-wall round it The cyst is derived 
partly from the zygote and partly from the insect tissues. At this stage, 
the parasite is called the oocyst or sporont. The oocysts look as rounded 
projections on the surface of the stomach (Fig. 7.2). 

3. Sporogony. The oocyst now undergoes a sexua l reproduction 
called sporogony. It grows in size deriving nourishment from the 
mosquito through the pervious cyst-wall. The cyst-wall also enlarges 
to accommodate the growing parasite in it. The cytoplasm of the 
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oocyst develops a number of vacuoles and its nucleus divides 
repeatedly to form a very large number of daughter nuclei. 
Each daughter nucleus gets surrounded by a mass of cytoplasm. 
The resulting cells are called the sporozoites. Some cytoplasm of the 
oocyst is left unused in the formation of the sporozoites. There : are = about 
10 000 sporozoites in an oocyst. They are arranged round the vacuoles. 



CCCYST 


Fig. 7.2. Stomach of an infected mosquito showing encysted 
zygotes or oocysts 

glands°as many as 200.000 sporozoites. One bite oTiHSTa mosquito may 

inject up to 1,000 sporozoites in man. 

The entire development of the parasite inside the mosquito takes 

about 1 to 4 weeks. 

Alternation of Generations 

Sporogonic and iconic ^has. of ^-cycle .of 

parashcT reproduce s by an imobes 

gony, on the other hand. re^cnU ^ subsequent fusion. 

Vtiemo'gTne" w each 8 other in the life-cycle. This pheno- 
menon fs teamed the alternation of generations. 

A,t r:r^x U a, 

human 'host' and is 6 completed in the mosqmto while the asexua l genem 
tion starts in the mosquito and 1 “"‘nsfor a change of host. This 

tion of hosts. 
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Species of Plasmodium 

There are four species of Plasmodium , which cause different kinds of 
human malaria. 

1. P. vivax. It causes benign tertian malaria, which attacks every 
third day, i.e. after 48 hours. The fever is mild and seldom fatal. This 
species is wide-spread in the tropical and temperate regions. 

2. P . ovale. It also causes benign tertian malaria, which recurs evepf 
48 hours. This is because it too completes its erythrocytic schizogony m 
48 hours. This species is, however, rare and is found only in West 
Africa and South America. 

3. P. malariae. It causes quartan malaria, which recurs every 
fourth day, i.e. after 72 hours. This is because it completes its erythro- 
cytic schizogony in 72 hours. This species is found in both tropical 
and temperate regions, but it is not very common. 

4. P. falciparum . It alone is capable of causing three types of 
malaria, viz. quotidian malaria, which attacks almost daily ; malignant 
tertian malaria, which recurs every 48 hours, but is very severe and often 
fatal ; and irregular malaria. This is because its erythrocytic schizogony 
takes 24 hours in some strains and 36 — 48 hours in others. This species 
is found only in the tropical regions. 

Adaptations 

Extremely small size of the body enables Plasmodium to live inside 
liver-cells and red blood-corpuscles. Very simple structure is correlated 
with its sheltered life within the bodies of the two hosts. It has dispensed 
with feeding and locomotory organelles because it finds enough food 
all round it and need not go about in search of it. It does not produce 
resistant cysts as it never comes in contact with the outside world. 
Excessive multiplication and reservoir of latent forms in the liver-cells 
ensure continuation of the race. Introduction in its life-history of a 
mosquito-host, which has a close relationship with man, provides a safe 
and sure means of transference from the infected to the healthy persons. 

Malaria 

Malaria has been for thousands of years a very serious disease of 
the tropical and temperate regions. Until recently, about 100 million 
people were infected in India alone and of these about a million died 
every year. Besides actual mortality, malaria also impaired the health of 
millions of people and reduced their resistance to infection of other 
diseases. Fortunately, it has now been brought under control. 

Symptoms. The onset of malaria is preceded by yawning, lassitude, 
headache, muscular pain, etc. During the attack of malaria, the patient 
teels chilly and shivers, there is acute headache, and the body tempera- 
ture rises up to 104°F. After a few hours, the body perspires freely and 
the temperature becomes normal. In chronic cases, there is general 
weakness and anaemia due to large-scale destruction of red blood- 
corpuscles. This is also accompanied by enlargement of spleen and liver. 
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Cause. Malaria is caused, as stated earlier, by the acellular 
organism Plasmodium or the malarial parasite. The parasites, during 
their life-history in man, produce waste materials as a result of metabolic 
activities. These waste materials act as poisons or toxins in the human 

body and bring about malarial fever. 

Transmission. Malaria fever or the malarial parasites are carried 

f-vJi the infected to the healthy persons by the female Anopheles 
from the 10 female mosquitoes feed on the blood. The males 

suck^pl'ant sa^. The mosquito sucks the parasites with the blood when 

i-fpoted oerson. In the mosquito’s stomach, the parasites 

undergo sexual reproduction and sporogony. After this, they reach the 
salivas glands and the mosquito becomes ready to transmit infection to 
V/hen this mosquito bites a healthy person, parasites are intro- 
duced “his blood along with the saliva, which the mosquito injects 

before sucking blood to prevent its clotting. 

Types There are several types of malaria, each caused by a differ- 
ent species ofpLmodium. The various species and the types of fever 
they cause, have already been described. 

t L n i; An Porind The svmptoms of malaria first appear about H 

rH S ris -sss sxuvs a? 

multiply so that they become sufficiently numerous to produce malaria. 
Historv Malaria was previouslv known by a variety of names like 

2~- %, Strom » J« h d b, n xv:r,sT.i: 

marshy locaiit ^ discovered the malarial parasites in the blood 

tins. : -oSrJSS 

If Tn rs'coS re* m„ri 

su cceeded in establishing the “mosquito-malaria 

M i ed t' Whin” He found otKysts of Plasmodium on the stomach of the 
relationship . He touna y ^ fe(J Qn the blood of a malarial 

female - 4 no^e/ej mosq P maJe Y on August 29, 1897, ever since 
patient. This discovry . l ater ie j n 1 898 Grassi and his 

called the “Mosqui '^Fentire life-history of the human malarial parasites 

in the Anophe’es mosquito J" ^'i n trod need Into Ihe 

<,95,) ‘77 

measures fall under the following two categories . 
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I. Offensive Measures. Since two different organisms, namely, the 
mosquitoes and malarial parasites, axe involved in malaria, the offensive 
measures are required to be taken against both of them. These measures 
are of a different nature and will be described separately. 

(a) Offensive Measures Against Mosquitoes. Mosquitoes can be des- 
troyed by the following methods : — 

1. Drain off or fill up all ditches, ponds and pools with earth so 
that the mosquitoes may not find water to breed in. 

2. If the above places are too large to be drained off or filled up, 
sprinkle kerosene oil or solution of D.D.T. on water so that the mos- 
quito larvae* and pupae may not breathe fresh air and may die of 
suffocation. 

3. If the water of the above places is to be used for drinking or other 
domestic purposes, add larvicidal fishes (Sticklebacks, Minnows, Trouts, 
etc.), ducks, dragon-fly naiads, and insectivorous plants ( Utricularia ), as 
these will eat up the mosquito larvae. 

4. Spray suitable insecticides like D.D.T. in and around the human 
habitations to kill the adult mosquitoes. The latter can also be killed or 
driven out of the houses by fumigation with sulphur. The adult mos- 
quitoes can also be avoided by removing unnecessary vegetation from 
and around the houses. 

( b ) Offensive Measures Against Parasites of Malaria. The malarial 
parasites can be killed by taking suitable medicines. Originally, quinine, 
derived from the bark of a Peruvian tree, was used. Later, synthetic 
drugs like paludrine, atabrine, etc. were employed. These days chloro- 
qume phosphate, which destroys the erythrocytic forms, is used in 
combination with primaquine, which kills the exoerythrocytic forms in 
the liver. Still more promising is daraprim. It is slow in action but, in 
due course of time, it kills the parasites both in the blood and liver and 
also in the mosquito that feeds on the person. 

II. Defensive Measures. The defensive measures include the pre- 
cautions by which we protect ourselves from mosquitoes without killing 
them. These measures are fairly simple but very effective in the control 
of malaria. These are summarised below : — 

1. Keep hands and feet covered in the evening. 

2. Apply some insect-repellent (mosquito oil or cream) to the 
exposed parts of the body at night so that the mosquitoes do not bite. 

3. Sleep under mosquito-nets to avoid mosquito bites. 

4. Screen all habitations from mosquitoes with wire-gauze over 
doors, windows and ventilators. 
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Classification 

The malarial parasite comes 
Phylum : Protozoa 
Sub-Phylum : Plasmodroma 


Class : 

Sporozoa 

Order : 

Haemosporitlia 

Family : 

Plasmodidae 

Genus : 
Species : 

Plasmodium 

% 

vivax 


under the 

Because of being acellular. 

Because sexual reproduction in- 
volves fusion of gametes and 
locomotory organs and nuclear 
dimorphism are lacking. 

Because of spore-formation from 
the zygote. 

Because of having amoeboid tropho- 
zoite living in the red corpuscles. 

Because schizogony occurs in red 
corpuscles and produces haemozoin. 

True malarial parasites. 

Because schizogony takes 48 hours, 
haemozoin is light brown, ana 
fever caused is benign tertian. 


TEST QUESTIONS 

1. Define alternation of generations. Explain this phenomenon with reference 

to the life-history of the malarial parasite. . . . 

2. What is a parasite ? Name the parasite that ^^/^What factors are rcs- 

How is this fever transmitted from one person t S suggest measures to control 

ponsible for the spread of malaria in an epidemic torm . 

malaria. 

3. Describe the sexual method of reproduction m Plasmodium. 

4. Describe the following terms t H fln ; ma i Incubation 

Parasite, Host, Primary host. Secondary host. Infected an, mat, 

neriod Schizogony, Alternation ol hosts. 

pertod, Schtz of ^ part Qf [he life . hi s,ory of Plasmodium spent ,n man 

6. ...us, rate the hfe-history of Plos^ium with a series of iahehed ^soniy. 

7. Name the mosquito which spreads mahrta and show how of the 

SSSSJ55S would be the result ,7 

all the malarial mosquitoes were destroyed. 

8. Give a brief history of malaria. 



CHAPTER 8 

Paramecium caudatum 

(The Slipper Animalcule) 


Not all Protozoa have the apparent simplicity of Amoeba and 
Plasmodium. Some forms show quite a high degree of differentiation 
within a single unit of protoplasm and Paramecium is one of them. This 
organism was amcns the first living things sten with the newly-invented 
microscope in the 1 7th century. 

There are several species of Paramecium , which differ from each other 
in minor details Of these, Paramecium caudatum is studied as a type of 
the ciliates since it is plentiful all over the world, has a comparatively 
large size convenient for microscopic examination, and its structure and 
reproduction have b?en thoroughly worked out. 

Culture of Paramecium caudatum is prepared in the same way as 
that of Amoeba proteus. 

Habitat 

Paramecium caudatum occurs in fresh water all over the world. It is 
specially plentiful in ponds, pools, streams, rivers, reservoirs, lakes and 
aquaria, where decaying vegetable matter and bacteria abound. This 
is because the bacteria form its chief food. Jt is interesting to note 
that active specimens of this species have been observed from the moist 
soil around Moscow. 


Habits 

Paramecium caudatum is a free-living organism. It actively swims 
about in water but can creep on solid surface also. Occasionally it 
becomes stationary, getting attached to a fragment of vegetation.' It 
is omnivorous in diet and reproduces in a variety of wavs, which are 
both asexual and sexual, 


Morphology 

Size, Colour and Shape. Pa r amecium caudatum is a microscopic 
animal and measures 0T5 to 0 3 mm. in length and 0 045 to 0 075 mm. 
in breadth. It appears to the naked eye as a minute whitish or slightly- 
greyish speck when the test-tube containing it is examined against tight, 
lender the microscope it seems to be almost colourless and transparent*. 
Unlike Amoeba . Paramecium has a definite shape, which resembles the 
sole of a slipper, hence the slipper animalcule. The name “Parame- 
cium', given by John Hill in 1752, also suggests the shape of the 
animal (Gr. paramekes — oblong). The body is somewhat cylindrical 
rounded in front and pointed behind. The maximum width of the 
body is a little behind the middle. 
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Fig. 8.1. Paramecium cauda, am (Lateral view) endosed 

Pellicle. The body of P^amecium < ^dawm (F»g ; ^ the shape 
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elastic and enables the animal to bend or squeeze through narrow 
passages. The pellicle, when seen under greater magnification, shows, 
a hexagonal pattern of ridges surrounding shallow depressions (Fig. 
8.2). The centre of each depression has a pore through which a fine 
process, the cilium, projects out. The ridges bear apertures for 
discharging the underlying trlchocysts. 

Food-Passage. On ventral side of the body there is a shallow 
depression, the oral groove or peristome. It starts from the left side of 
the anterior end and extends obliquely backwards towards the right side 
to the region a little behind the middle of the body. It is widest at the 
anterior end. Its posterior part is funnel-like and is called the vestibule. 
The latter ends in a small oval aperture, the mouth or cytostome. The 
cytostome leads into a tube, cytopharynx, which extends upwards 
through the cytoplasm for a short distance and then turns backwards as 
a relatively narrow tube termed the oesophagus. The oesophagus ends- 
in the endoplasm and often has at its end a food-vacuole in the process 
of formation. The oral groove makes the animal asymmetrical. Shortly 
behind the oesophagus, on the ventral side, there is a pore in the pelli- 
cle tor the elimination of faecal matter. It is visible only during the 
act of egestion and is called the anus or cytopyge or cytoproct. 

Cilia. The entire body is covered wiih fine processes, the cilia. 
They are arranged in longitudinal, but slightly oblique rows. The cilia 
are of uniform size all over the body except at the hind end where they 
are slightly longer and form the caudal tuft. The cilia of the caudal tuft 
are sensory in nature and act as a tactile organelle. The cilia are present 
in the food-passage also. The arrangement of cilia in the pharynx and 
oesophagus is rather complicated. They are closely set, but do not fuse 
to form an undulating membrane as held earlier. The cilia arise from 
the small basal granules or kinetosomes lying beneath the pellicle. The 
adjacent basal granules are connected by longitudinal and transverse 
fibrils termed the ioterciliary fibrils or neuroncnies (Fig. S.2). All the 
interciliary fibrils originate from a small darkly staining granule, the 
motorium or control centre, situated in the dorsal wall of the cyto- 
pharynx. The motorium, interciliary fibrils and basal granules serve 
to co-ordinate the movements of the cilia and are said to form the 
neuromotor system. This nvuromotor system of Paramecium favourably 
corresponds to the nervous system of higher animals. 

A cilium consists ot an axial filament, the axoneme, embedded in an 
elastic protoplasmic sheath, which is continuous with the outer layer of 
the pellicle (big. 8;3). The axial filament is itself formed of eleven 
fibrils that extend its fuli length and fuse with the basal granule within 
the pellicle. Nine of these fibrils are double and occur in a rine round 
the remaining two that are single and lie at the centre. 

The cilia help the animal in locomotion and capturing food. 

Cytoplasm. The cytoplasm, as in Amoeba , is differentiated into two 
regions : the ectoplasm or cortex and the endoplasm or medulla. There 
is, however, no apparent line of demarcation between the two regions. 

The ectoplasm forms a thin, clear and relatively firm outer layer.* 
The basal granules, interciliary fibrils and trichocysts lie in the ecto- 
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plasm. It also contains fine contractile strands, the myonemes running 

Si longitudinal direction. They enable P^meaum «» UMW 

its body through narrow passages by their differential contractio . 


RIDGE 



DEPRESSION 


aperture fob 
trichocyst 


INTER CILIARY 
FIBRIL 


TRICHOCYST basal granule 

Fig. 8.2. A part of the pellicle (highly magnified) 
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Fig. 8.3. T.S. t ilium 


The endoplasm is „.nul.r and more 

iS'uS Sd-na, .rials I, he 

and crystals of various shapes. , . t , middle 

Nuclear Apparatus. The n-lea^apparatus ^turned ^ f|om 

of the body above the gullet. 1 P hape ) hut also m 1 unction. 

each other not only in appearance (size and snape^ is large r 

The phenomenon is called ^Ueard. morphism. eu# . It is also 

It is lodged in a depressien of the macronucleus. 


^ looeea in a 

Contractile Vacuoles. There are two large the 

Parameaul They he in the distance 

dorsal surface. The anteri nnster f 0r vacuole the same distance from 
from the anterior end and the Posterro ^ directly a b ove each 

Lb v-uole w,th its pore. 
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Each vacuole is surrounded by 6— 10 pear-shaped radiating canals known 
as the feeding or tributary canals. These canals run parallel to the 
surface, but extend slighty into the endoplasm. A feeding canal consists 
of 3 parts : Injector, ampulla and terminal part. The injector lies 
adjacent to the vacuole (Fig. 8.4). The contractile vacuoles serve to 
regulate the water contents of the body. 

Food-vacuoles. The food vacuoles vary in size and number. They 
are almost spherical and contain ingested food-particles and water. They 
are bounded by a thin membrane and circulate in the endoplasm. The 
food-vacuoles serve as temporary stomachs as food is digested in them. 



Fig. 8.4. A — Empty tributary canal 
B— Full tributary canal 


Physiology 

The various physiological processes occur in a more organized 
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Fig. 8.5. Effective (Riaht) a nJ 
recovery (Left) stroke of a cilium 

the body surface. During the 
recovery stroke, the cilium 
becomes limp and returns to its 
original vertical position in a 
greatly flexed condition, thereby 
•exposing less surface to the resis- 
tance of water) (Fig. 8.5). The 


manner in Paramecium than in 
Amoeba. This is correlated with 
greater morphological differen- 
tiation in the former than in the 
latter. 

^Locomotion. Paramecium 
swims actively in water by 
rhythmic beating of cilia. A 
ciliary beat consists of 2 phases : 
an effective stroke and a re- 
covery stroke*/ During the effec- 
tive stroke, tlte cilium stiffens 
and moves almost as a straight 
rigid rod to become parallel to 



Fig. 8.6. Metachronous movement 

of a row of cilia 
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neither move one by one “° r h a ke t he lashing of tall wheat in the strong 
in metachronous waves, much ■ W*»‘ ' B the ci n a beat backward 

wind (Fig. 8.6) . F n 0 u r s “d7oJward'nthe ’ sa me way as the backward 
and the animal is pushed ^ ahead through water. Cilia do 

r b^yaighrtackwaj I-tead they r ‘^/& 

forwards, rotates on its long axis ,n the 
manner ot a left spiral. ( ig. • * groove are more 

The effective strokes of the ciha | n his g makes the anterior end of 

powerful than those ° f ^°dy “ha- from the oral side. Since the 

the body swerve (turn) co ,“**“ u a ? Serving occurs alternately to all 
body is rotating on its long ax : , s ^ ownWar ds and the body 

sides. In the beginning the <«.! ,j«K r0tatl0n) the oral side 

bends upwards ; a ^o d y turns to the left ; still later the 

comes to face the right and the oony ^ body swings downwards 
oral side gets directed upwards ^ d ft ^ th > body swerves to the 

finally the oral side shifts t over and over again. As the 

right. The same process is reP«at an equa i swer ving in the 

swerving in one dire ? t ‘°“ ' anisnl progresses along a spiral path round 

opposite direction the organism P 8 w . se wh£n seen from behind . 

a straight axis. The spiral is an results f rom three 

factors 6 ; SI forwa'r^ rmsh!°axial Xdoa and’ swerving of the anterior end 
to the aboral side. wv wards During backward swimming, 

Paramecium can also swim backwards^ 
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the object. 
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Paramecium can also glide or creep with cilia over a solid sub- 
stratum. 

Nutrition. As compared with Amoeba , Paramecium has a well mark- 
ed digestive system comprising the oral groove or peristome, vestibule, 
cytostome, pharynx, oesophagus, food-vacuoles, and anus or cytopyge. 
Except the food-vacuoles, all the organelles are permanent structures. 

{a) Food. Paramecium is holozoic, taking solid organic food. Its food 
consists of bacteria, diatoms, small protozoons, tiny fragments of larger 
animals and plants. It is. thus, omnivorous in diet. It moves from 
place to place in search of food. It prefers carbohydrate and protein 
materials and avoids fats except in conditions of food shortage. 

(b) Ingestion. Food is captured with the help of cilia. Constant vibra- 
tions of the cilia lining the oral groove drive a current of water towards 
the mouth. The current of water sweeps the food-particles towards the 
mouth through which they are passed into the pharynx. Here the cilia 
push them into the oesophagus. The cilia of the oesophagus exert a 
circumvolutional effect on the food-particles and bring about their 
aggregation into small rounded masses. A few cilia arranged cross- 
wise at the base of the oesophagus act as a strainer to check the 
passage of large food particles. The spheres of food formed in the 
oesophagus are pushed towards the endoplasm. Finally, they collect 
in a droplet of water at the end of the oesophagus. The droplet of 
water with its food-particles is called the food vacuole. It is pinched 
off from the oesophagus by a constriction of the surrounding 
cytoplasm. 

(c) Digestion. After their separation from the oesophagus, the food- 
vacuoles circulate through the endoplasm along a definite path, which is 
functionally equivalent to a digestive tract (Fig. 8.5). After separating 
from the oesophagus, the food-vacuoles first go round the oesophagus 
once and then describe the major part of a figure of ‘8’. This circulation 
of the food-vacuoles is brought about by The rotary streaming move- 
ments of the fluid endoplasm known as cyclosis. The endoplasm secretes 
enzymes, which pass into the food-vacuoles and gradually digest the 
food. The contents of the food vacuoles show first an acidic and then 
an alkaline reaction as in Amoeba. 

The enzymes acting on the food include the amylase, which converts 
starches into sugars ; proteinase, which breaks the proteins into peptides 



Fig. 8.8. Cyclosis of the food-vacuoles in Paramecium 
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j • nf the food-vacuole and dipeptidase that changes 

Eras: &S?-S3Ss &the -Ik-H-- The g oo 

d,8 W) t Absorption. The soluble foods resulting from digestion pass through 
(a) ad so p vacuoles into the surrounding cytoplasm, 

the membrane of the tood-vacuoies mi dicestion an d absorption 

of food to all parts of the body. . 

(e) Assimilation. Xtetojd 

like gly°cogen S ^d ^ lipids. All this occurs under the influence of enzymes. 
(/) Egestion. The food-vacuoles containing indigestible residue or 

faeces are eliminated through the anus. 

ResDiration Respiration in Paramecium occurs through the general 
Kespirai . f Amoeba Water contains some oxygen 
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latter. The surplus water from the cytoplasm collects first in the feeding; 
canals, which consequently swell up from mere streaks (Fig. 8.9). When 
the feeding canals are full of water, their inner ends or injectors emit 
minute water droplets that unite to form a contractile vacuole. The 
latter gradually expands as it receives more water droplets from the 
feeding canals, which shrink correspondingly. When full, the contractile 
vacuole contracts and throws its water to the exterior through a minute 
tubule, which connects the vacuole with the pore in the pellicle on the 
dorsal surface. The pore opens at the time of discharge, getting closed 
by a membrane soon after it. When the vacuole is fully distended 
(diastole), the feeding canals disappear for a while and reappear as small 
streaks soon after the contraction (systole) of the vacuole. The canals 
again swell up by collecting water and the whole process is repeated. 

^ (The two contractile vacuoles do not work alternately as reported 
earlier. The posterior vacuole works more quickly than the anterior 
one, probably because the presence of the pharynx and oesophagus 
provides more surface for endosmosis.^ 



ACID 


STRONG 

LIGHT 


DIM UGH? 


OBSTACLE 


1Q°C 


25°C 


Fig. 8.10. Behaviour of Paramecium to various conditions of environment 
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It has been estimated that Paramecium expels out its own volume of 
water every half-hour. 

Sensitivity. Paramecium has no sense organs except the caudal tuft 
of tactile 'cilia. Yet, it responds to all sorts of external stimuli like 
cheSs! light, temperature, contact, electric cun-ent etc. On en- 
countering a change iu the medium, it stops for a moment and taxes 
wa“er in the buccal groove to test it. If found satisfactory, it resume 
rw‘mm?ng otherwise changes the direction. This action ,s repeated .11 

«« Hhasrr sr 

of its food. Paramecium swims awayfromsaltsolunos. p f 
moderate light ana temperature around 25 C. On coming 1U 
Sith a solid object, it stops for a while, reverses its movement and then 
goes ahead in a new direction. This is repeated till a clear path is 
found This is called avoiding reaction or negative response. In an 
electric field, Paramecium moves towards the negative pole. 

Defence and Anchorage. The trichocysts are often c ° ns ' dered ^ 
the organs of defence and anchorage in Paramecium. They are sm 
fusiform bodies situated in the ectoplasm with 
th-ir long axes perpendicular to the surface of 
the body (Fig. 8.11). Each trichocyst is a sac 
containing an absorptive substance and closed 
bv a cap. When stimulated , by : contact or 
chemicals, the ectoplasm suddenly contracts. 

This pushes the cap of the tnghocyst aside and 
water enters it. The absorptive substance .swells 
up and elongates into a long needle- like filament 
(Fig « 12), which shoots out through a. pore in 
the pellicle. Small enemies of Paramecium are 
likelv to be confounded by sudden explosion ot 
trichocysts. The tips of the filaments discharged 
by the trichocysts are sticky and Paramecium 
uses them for attachment at a place b. a y in .S 
greater concentration of bacteria so that it 
may feed on them conveniently. 

The exploded trichocysts are broken off the 
body, when Paramecium moves away and are 

replaced by new ones. - 

Dispersal. Paramecium abundantly occurs in 
fre^h-water ponds subject to periodic drying,. 

This indicates that it has some mechanism for 
nrnfection against desiccation. This mechanism is supposed to oe 
the formation of resistant cysts. The fact that culture of Paramecium 
can be made by soaking organic matter in water also __^f v s ^ 
that the formation of. cysts occurs in this protozoon. me cysis 
resemble sand grains.* The cysts not only protect the organism from 

" ^M^helsonTi92«j succeeded in. obtaining cysts of Paramecium under extraor- 

dinary conditions* 
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unfavourable conditions, but a bring about its dispersal. 

Reproduction. Paramecium ?hows asexual as well as sexual re P££" 
duction. The asexual reproduction occurs by binary fission. # 1 he 
sexual reproduction usually takes place by conjugation, but at times 
by processes called autogamy, cytogamy, hemixis and endomixis. 

1. Binary Fission (Fig. 8.13). Binary fission is the commonest 

type of reproduction in Paramecium. In this process, a full 
grown individual divides transversely into two daughter 
individuals. Before the beginning of fission, Paramecium 
stops feeding, develops two minute pores near the middle 
of its body for the contractile vacuoles that are to 
appear later for the daughter individuals and doubles 
its cilia. During binary fission, Paramecium becomes less 
active and assumes a somewhat spindle-like form. Its 
oral groove disappears. The micronucleus divides by 
mitosis and the two micronuclei formed move away from 
each other// The mitosis is of typical protozoan type in 
that the nuclear membrane persists. The chromosomes 
that appear in mitosis are very small, numerous and com- 
pactly arranged. Consequently, it has not been possible 
to determine their number.) The macronucleus divides 
by amitosis, in which it sirrtply elongates and constricts 
transversely near the middle into two. A transverse con- 
striction now appears around the body between the 
daughter nuclei. In the meantime, a new cytopharynx 
and cytostome are formed for the future posterior 
daughter Paramecium by budding from the original 
cytopharynx and cytostome, which remain in the future 
anterior daughter Paramecium. Each daughter individual 
receives one contractile vacuole from the parent and 
develops one new contractile vacuole. The anterior 
daughter retains the anterior parental vacuole as its 
posterior vacuole and develops a new one anteriorly. 
The posterior daughter retains the posterior parental 
vacuole as its posterior vacuole and develops a new one 
anteriorly. This means that the ends where the daughters 
separate become their anterior ends. The constriction 
round the parent body gradually deepens and finally 
results in the separation of the daughter paramecia. Each 
daughter develops the oral groove and starts growing into 
an adult. 


F>g. 8.12. An 
exploded tri- 
chocyst 


V The newly formed daughter paramecia neither re- 
semble each other nor the typical vegetative parent so that 
for a while tiny can be distinguished as the anterior daughter (called 
the proter) and the posterior daughter (termed the opsthe). Soon, 
however, they assume the typical form.) 

The whole process of binary fission is completed in about two 
hours and it may occur two or three times a day in favourable con* 
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ditions^This produces a huge number of paramecia in 
It is estimated that a single Paramecium may produce 
million descendents in one month.)* 


a short period, 
as many as 280 
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Fig 8 13 Binary Fission in Paramecium. 

t (Mw*. Co„jug..io» i, » ..b«» ” "" 

known for Paramecium caudalum. reconstruction of nuclei 

(a) Definition. Conjugation is a .process of ‘ f different 

swsm a— 
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(b) Procedure. There are 13 varieties in Paramecium caudatum + 
each variety having two mating types. Conjugation is possible only 
between two individuals of different mating types of the same variety. 
This differentiation into mating types is only physiological and not 
morphological . 

Conjugation takes place at night or early in the morning. Two- 
paramecia of different mating types of the same variety adhere to each- 
other by their ventral or oral surfaces. Their endoplasms become 
continuous by degeneration of the pellicle and ectoplasm in the region 
of the pharynx. This intimate connection may be compared with coition 
in higher animals. Paramecia, in this paired condition, are known as the 
conjugants. They continue swimming, but suspend feeding. 

The macronucleus, being only vegetative in function, does-not take 
any part in conjugation. It simply breaks up into small pieces, which- 
are absorbed by the cytoplasm (Fig. 8.14). The micronucleus, being 
generative in function, exhibits a good deal of activity in conjugation. 
In each conjugant, it grows larger and undergoes two successive divis-> 
ions, the first of which is reductional and the other equational. This pro- 
duces four haploid micronuclei in each conjugant. Of these four newly- 
fprmed micronuclei, three disappear and each conjugant is left with a 
single micronucleus. The three degenerating micronuclei correspond to 
the polar bodies formed in the maturation of the metazoan ovum. The 
surviving micponucleus now divides equationally to produce two slightly 
unequal micronuclei in each conjugant : the smaller active male or mig- 
ratory pronucleus and the larger passive female or stationary pronucleus. 
This makes paramecia hermaphrodite. The male pronucleus of each con- 
jugant migrates into the other individual and fuses with its female pro- 
nucleus. Each conjugant now possesses a diploid fusion nucleus, the 
zygote nucleus or synkaryon. This fusion of the -nuclear material from 
two individuals is known as amphimixis and corresponds to the cross 
fertilization of higher animals. The two conjugants now separate and 
are called the exconjugants. 

In each exconjugant (Fig. 8.14), the zygote nucleus divides three 
times successively by mitosis, producing eight nuclei. Of these eight 
nuclei, four become enlarged and form the macronuclei, while the other 
four remain small and form the • micronuclei. • Three micronuclei dis- 
appear. Each exconjugant now has four macronuclei and one micro - 
nucleus. The micronucleus divides mitotically into two micronuclei. 
The exconjugant now divides transversely into two in such a way that 
each individual formed receives two macronuclei and one micronucleus. 
The micronucleus of each individual again divides mitotically to 
produce two micronuclei. The individual again splits transversely into 
two, each receiving one macronucleus and one micronucleus. Thus, from 
each exconjugant four young paramecia are produced. 

(c) Significance. Conjugation has two-fold significance : genetic 
and physiological, for Paramecium. 

(/) Physiological significance lies in the rejuvenation, f.e . restora-? 
tion of vitality, of paramecia. This, however, is not always true. 
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«,a« nrnHnce weak and abnormal organisms also. This is 

?° nJU fp a the nucfefr exchange that occurs in conjugation brings about 
because the nuc * w * g is as like i v to result in a weak stock as in a 

neW a 8 one tIC It ts thus not the mere development of a new meganucleus 
bUt tts chromosomal set“up that determines whether the orgamsm w.ll 

be strong or weak. 
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from two individuals of different mating types and this results in new 
combinations of characters in the organisms produced. 


I 




MACRONUCLEUS 


MfCRONUClEUS 

1ST DIVISION 
4 MICRONUCLEI 



2nd DIVISION 
a MICRONUCLE/ 


4 



2 MICRONUCLE' 
UNDERGOING 
3rd DIVISION 


PARORAL CONt 



2 GAMETIC NUCLEI 
ENTER PARORAL CONE 


10 


11 


Conjugation does not result in multiplication as it seems and often 

taken to be. It begins and ends 
with two individuals. Multi-- 
plication that follows conju- 
gation occurs by binary fission. 
Conjugation in Paramecium, 
thus, merely leads to reproduc- 
tion. The term “reproduc- 
tion'’ literally means the crea- 
tion of a new individual and 
does not necessarily involve 
multiplication. Thus, it should 
apply equally to the making 
over the old individuals by the 
creation of new nuclei. 

3. Autogamy. (Fig. 8.15) 
Autogamy is known in Para- 
mecium aurelia , which has two 
micronuclei instead of one. 

(a) Definition. Autogamy 
is a process of reconstruction 
of nuclear apparatus involving 
the fusion of pronuclei of the 
same individual. It corresponds 
to self-fertilization in higher 
animals. 

( b ) Procedure. The macro- 
nucleus elongates and breaks up 
into fragments, which are ulti- 
mately absorbed in the cyto- 
plasm. The micronuclei under- 
go two successive divisions, the 
first of which is reductional and 
the other equational. This 
produces 8 haploid micronuclei. 
Of these, a few (2-5) divide for 
the third time. Two micro- 
nuclei arising after the third 
division survive, while all others 
from the second and third 
divisions degenerate. The sur- 
vivors pass into a small process, 
the paroral cooe, formed near 
the mouth and behave as the 
gametic nuclei, fusing to form 





2 GAMETIC NUCLEI 
FUSE TO FORM ’ 
SYNKARYON 


1ST DIVISION 
OF SYNKARYON 
2 MICRONUCLEI 


2nd DIVISION OF 
SYNKARYON 
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2 DAUGHTER 
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Fig. 3.15. Autogamy in Paramecium aurelia 
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four nuclei, two of which become macronuclei and two micronuclei. The 
micronuclei divide and the organism splits into two daughter individuals, 
each receiving one niacronucleus and two micronuclei. 

( c ) Significance. Autogamy has tV same physiological significance as 
conjugation, i.e. it also results in rtj uiwtion of weakened organisms. 
But it has a different genetic significance. While conjugation makes 
paramecia heterozygous, autogamy again makes them homozygous. In 
other words, conjugation produces variations and autogamy gives pure 

lines. 


4. Hemixis. Hemixis is a process of reconstruction of macro- 
nucleus without anv change in the micronucleus. The meganucleus 
throws out a part of 'its chromatin, wh'ch is absorbed in the cytoplasm. 
This results in restoration of normal chromosomal set-up in the mega- 
nucleus and the organism starts normal life. Hemixis, thus, has the 
same physiological significance as conjugation and autogamy, i.e. 
rejuvenation, but it has no genetic role. 


5 Cytogamy. Cytogamy is a process of nuclear reconstruction, 
which occur? in paired individuals but involves the f^.on of pronuc e, 
of the same individual. It resembles conjugation in dii details except 
2LV the coniucant* separate without exchanging their male pronuclei. 
The male an^ femaie pronuclei of each individual fuse to form the 
synkaryon as in autogamy. Cytogamy is. thus, intermediate between 
conjugation and autogamy. It has the same genetic and phys.olog.cal 

significance as autogamy. 


6 Endomixis. Woodruff succeeded in keeping 15,000 generations 

of Paramecium alive over a period of 25 years without conjugation 

During this period depression did set in at regular intervals ,but it was 

overcome by reconstruction of nuclear apparatus within a single ndivi- 
overcome ny re . rhis process was named Endomixis by 

him. "it corresponds to parthenogenesis. It is now held that endomixis 

does not occur. 


Depression or Senile Decay 

The micronucleus has the diploid number of chromosomes. The 
meeanucleus being farmed Irom the micronucleus, also has the same 
number in the beginning. Later, however, it becomes polyploid by 
reoeated division of ii» chromosome pairs. The amitotic division of 
the meganucleus during binary fistfon causes unequal drstnbut.on of 
its chromosomes among u>'- daughter megan . . , 

disturbance in the cliioi..os..mc number oi the .2*^",“ -mna^s the 
more and more acute after each fission and ultimately impairs me 
dowL of Se n, 1 nucleus u> control the vegetative activities of 
^Paramecium. This leads to an unhealthy state called d ^P r ® ss ^° an d 
senile decay in * hi~h the "rg-nisin finds tt difficult to feed, g “ 

divide. The processes ol conjugation, autogamy, normal one 

gamy replace the u»d abnormal meganucleus wi 
and this for a time, rejuvenates paramecia. 
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Adaptations to Environment 

Minute size and light-grey colour of the body make Paramecium 
barely discernible against the background of mud below or sky above. 
Rapid locomotion afforded by cilia enables it to quickly find the 
necessities of life in its environment. The ability to perceive the nature 
of the water ahead and to quickly reverse the movement enables it to 
set out of danger without losing time. Thin pellicle facilitates diffu- 
sion of gases and nitrogenous waste material. The contractile vacuoles 
provide a wonderful mechanism for expelling out the excess of water. 
The device of anchoring by trichocysts makes possible for the organism 
to become stationary near a concentration of bacteria for feeding on 
them and at the same time to keep cilia beating, which is so essential 
for ingestion. High rate of multiplication maintains its population. 

Advancement of Paramecium over Amoeba 

Paramecium has a higher degree of differentiation than Amoeba. It 
has a constant shape ensured by firm elastic pellicle. It shows definite 
dorsal and ventral surfaces, clear lateral sides, and fixed anterior *nd 
posterior ends. It possesses permanent locomotory organelles in the 
form of cilia, which provide it a quick and efficient means of locomo-* 
tion. There is a neuromotor system for co-ordination and control of the 
cilia. There is a well marked digestive system comprising permanent . 
organelles like the oral groove, mouth, pharynx, oesophagus and anus. 
Cyclosis of the food-vacuoles along a constant path ensures fair distribu- 
tion of food to all parts of the body. The crossed arrangement of cilia at 
the base of the oesophagus acts as a strainer and prevent* the passage of 
larger food-particles. Paramecium possesses trichocysts for attachment 
to objects jiarbouring a large number of bacteria, which form its food., 
The trichocysts probably also act as the organelles of defence. Parame- 
cium has a double set of osmoregulatory organelles, i.e. contractile 
vacuoles, whose efficiency has been further increased by the presence, 
of the feeding canals. Paramecium exhibits nuclear dimorphism, the 
macronucleus controlling the vegetative activities and the micronucleus 
governing reproductive process. It has a tactile organ-' lle in the form of 
a few sensory cilia at the hind end. Lastly, it has sexual reproduction 
in addition to the asexual one and there are mating types. 

Comparison of Paramecium with Higher Animals f 

Paramecium approaches the higher animals in several respects. , 
These are discussed in the following table. 

TABLE 4. * 

Paramecium j Higher \nhnals 

1. Has 2 types of nuclei : the mega- 1. Have two types of cells : the somatic 

nucleus to control vegetative activi- cells for vegetative activities*, and 

ties and the micronucleus to control j the germ cells for sexual repro- 

sexual reproduction. I duction. 

2. The meganucleus is mortal as it i 2. The somatic cells are mortal a* »hey, 

disintegrates, while the micronucleus ■ perish -with th individual’s death,, 

is immortal as its product survives while the g-rm cells continue to 

in the next generation. j live in the next generation. 
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3. The meganucleus of the next genera- 
tion is formed from the micro- 
nucleus. 

4 . Gametic nuclei are haploid, being 
formed by meiosis. 

5. The two gametic nuclei that fuse to 
form the zygote nucleus are diffe- 
rent morphologically as well as 

physiologically, one (male) being 
small and active and the other 
(female) large and passive. 

6. The two fusing gametic nuclei come 
from two individuals of different 

strains. 


3. The somatic cells of the offspring 
are formed from the germ cells 
(zygote). 

4. Gametes are haploid, being formed 
by meiosis. 

5. The two gametes that fuse to from 
the zygote are different morpho- 
logically as well as physiologically, 
one ' (male) being small and active 
and ithe other (female) large and 
passive. 

6. The two fusing gametes come 
from two individuals of different 

sexes. 



Classification 

The slipper animalcule is placed in the 


Phylum 

Sub-phylum 

Class 

Order 

Family 


Protozoa 
Ciliophora 

Ciliata 

Holotricha 

Paramecidae 


Genus 

Species 


Paramecium 

Caudatum 


Because it is acellular. 

Because of cilia, nuclear di- 
morphism and conjugation. 

Because cilia persist through- 
out life. 

Because cilia are nearly equal- 
sized and in rows. 

Because it is free-swimming 
and has asymmetrical body 
with ventral oral groove. 
Because of slipper-like shape. 

Because of having a colourless, 
relatively long and cylindrical 
body with pointed hind end, 

2 contractile vacuoles fed by 
radiating canals and single 
, micronucleus. 

TEST QUESTIONS 

, Define conjugation. Give a brief description of conjugation in Porameaum. 
Wha ‘ iS XSSZtL of depression and what is it due to 7 How does Para- 

meC T mX a e .abdled r dia d gla m to show the structure of Paramecium. What are 

the features^ “which it is more highly organised Differentiate 

4. Give an account of the sexual reproduction in Paramecium. 

between amphimixis and endomixis. p / w What functions 

„e <* the bUCCa ‘ 8r ° OV " 

Osmoregufation^Mating Types. Autogamy. Binary Fission and Peilicie. 

8L Enumerate adaptations of Paramecium to its envtronment. 
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Hydra 

(The Fresh-water Polyp) 


There are several species of Hydra. Two of these, namely, Hydru 
vulgaris and Hydra oligactis have been reported from India. Tho 
various species differ from each other only in minor details. The follow- 
ing account applies in general to all of them. 

Study of Hydra is of special interest firstly because it serves well 
as introduction to Metazoa and secondly because in its adult organiza- 
tion it somewhat resembles the gastrula of higher animals, thereby 
suggesting that it represents a living counterpart of the remote ancestor 
of the higher animals. 

Habitat and Habits 

Hydra is a cosmopolitan animal. It inhabits cool and clean fresh- 
water of ponds, lakes and streams. It usually lives attached to various 
submerged objects like weeds, stones, sticks, etc. but it can move from 
place to place when occasion demands. It is a solitary creature though 
at times it may form a temporary colony by repeated budding. It is 
carnivorous in diet, feeding on small crustaceans, worms and insect 
larvae. It is itself fed upon by some worms and mollusks. It multi- 
plies sexually as well as asexually. 

Morphology 

Hydra is a very small animal. It is, however, easily visible to the 
naked eye. Its size ranges from 2 to 20 mm. in different species. 

Colour also varies from species to species. Hydra vulgaria is almost 
colourless, Hydra oligactis is brown, while Chlorolorohydra virridissima 
is green. The green colour of the last named species is due to the 
presence of a unicellular green alga ( Chlorella vulgaris) in the body-wall. 

The body of Hydra has the form of a hollow tube (F*ig. 9. 1). 
proximal end is closed by a flat disc termed the basal disc or foot. The 
latter fixes the body to the svbstratum by a sticky secretion. The distal 
free end of the body has a small conical projection, the hypostome or oral 
cone, perforated at the apex by a circular aperture, the mouth. A ring 
of 4 — 12 fine hollow processes, the tentacles, surrounds the base of the 
hypostome. The number of tentacles differs between species and increases 
with the age of the animal. The size of the tentacles also varies with 
the species. They are shorter than the body in Chlorohydra virridissima , 
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poor 


BODY 


stretch out' from short blunt projections to extremely thin threads J am 

iT.Z“X'Z;S‘& s . .5. si..* « .t« or,,, 

for asexual and sexual reproduction respectively. 

Symmetry 

The line extending from the mouth 
to the basal disc forms the principal 
axis of the body. Any longitudinal 
section passing through this axis 
divides the body into two similar 
halves. Such a body is said to have 

radial symmetry. 

Body-wall 

The body-wall of Hydra consists of 

two layers of cells (Figs. 9.2. and 9.3). 

The outer layer is thin and is called the 
epidermis 1 . The inner layer is about 
twice as thick as the outer 2 layer and 
is termed the gastrodermis. Each of 
these layers contains several types ot 
cells. Everywhere between the epider- 
mis and the gastrodermis is j a thin 
laver of a non-cellular jelly-li*e 
material, the mesogloea. The meso- 

gloea is, however, lacking in the 

central part of the basal disc. The 
tentacles have all the three layers. 

1 Epidermis. The epidermis is pro- 
tective, sensory, muscular, secretory and 
reproductive in function. It comprises 
seven types of cells : epitheliomuscular 

cells or myo-epithelial cells - ‘"^ rstltl 
cells nematoblasts or cmdoblasts or 
stinging cells, nerve-cells, sensoryceUs 

gland cells, and germ cells (Fig. 9.4 

and 9.5). . , 

(/) Epithelio muscular Cells. J he ^ 

mis (Fig. 9.4). They are *atg e com inwards . The broad ends of 

directed outwards and narr f orm a continuous covering over the 

these cells meet^one an**^ con(ain a , ayer of granules, which secrete 

*Tand2^ These ^ay«s^ereformerly^calU^«imderm^3rdeedo , ^'rm,^b^t^trK^y 



HYPOSTOME 


MOUTH 


TcNTACUE 


\J V 

Fig 9.1. Hydra — extended 
and contracted 
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a thin protective cuticle outside. Their narrow ends leave gaps between 
them and are drawn into processes termed the muscle- processes or 
muscle-tails. The latter contain contractile fibril, the myoneme, and lie 
against the mesogloea parallel to the body. They act as longitudin 



Fig. 9.2. Transverse section of Hydra 

muscles, which increase and decrease the body length by their extension 
and contraction respectively. 



(fi) Interstitial Cells. These occur 
in groups filling up the spaces 
between the inner narrow ends 
of the epithelio-muscular cells. 
They are small rounded cells, 
each with a prominent nucleus. 
They are not specialised for any 
particular function. They can 
divide and transform themselves 
into other types of epidermal cells. 

(Hi) Nerve-cells. These are irre- 
gular in shape. Each consists of a 
small cell body with a nucleus 
and a number of fine branching 
processes or fibres. The fibres of 
the adjacent nerve-cells approach 
each other so closely that they 
appear to form a sort of nerve- 
net outside the mesogloea. The 
fibres may be in contact or 
intertwined round each other, 
but there is no protoplasmic 
continuity between them. The 
nerve*net is, thus, not continuous. 
The nerve-net serves to transmit 


impulses from one part of the body to another. 
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NERVE CELL 
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* 
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Gland cell 


Fig. 9.4. Part of vertical section of Hydra (highly magnified) 

(,V) Sensory Cells. These are ^ 

scattered among epithelio-muscular 
cells. They are long narrow cells, 
each bearing a minute process at 
the free end and prolonged into a 
nerve-fibre at the other end. The 
sensory cells are sensitive to 
external stimuli, like contact, light, 
temperature and chemicals. 

(v) Gland Cells. These occur on 

the basal disc and arourd the rim 
of the hypostome. Those on the 

disc secrete a sticky i subst *“ ce 
for attachment to the subs- 
tratum. Some of them produce 
a gas to form a bubble, which 

serves to detach Hydra an 
raise it to the surface. The 
gland cells round the rim of the 
hypostome secrete mucus t 
facilitate swallowiilg of larger food 

P (v/) Nematoblasts or Cnidoblasts. 

These lie in the epidermis everywhere 
except the basal disc. A 

blast is a large pear-shaped cen 

with its nucleus lying on one side 
fFip 9 61 It bears at its tree ena 
i small sensory bristle, the 

cnidocil, set in a slight P r °J ec ‘‘°“ 
of the cell. It develops in it a 
«““■“!* structure known^asthe 

consists ^ of a large ovoid double- 
walled capsule and a long slender 


MUSCLE PROCESS 


MYONEME OR 
MUSCLE FIBRIt 



NERVE FIBRE? 


CELL BODY 


SENSORY 
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cytoplasm 


Interstitial cells 


Fig. 9.5. Principal types of cell* 
In the body- wall of Hydra 
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threaMube. The capsule is closed at its outer end by aflat lid or 
operculum. It is filled with a poisonous fluid, the hypnotoxin. 
A number of short refractile rods lie on the outer surface of the 
•capsule. They are connected with long contractile fibrils that pass to 
the base of the capsule. A thread called lasso arises from the base of 
the cnidoblast and is inserted on the capsule. It prevents the capsule 



nematocyst 



pig. 9.6. Upper— Cnidoblast with undischarged nematocyst. 

Lower — the same after discharging the nematocyst 
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from being thrown out at the time of discharge. T^e ‘hread-tube is 
_ \ a * at tlip base This part of the thread-tube is called the butt. It 
bears three large pofnfed stylets or barbs and a few spiral ridges 
with minute spines When undischarged, the butt lies inverted in the 
■capsule, 0 The Stylets and spines being on its inner side and the thread 

tubecoiled^roundU-s ^ ^ of four kinds . Penetrants or 

stenosteles, volvents or desmonemes. large glutmants or holotrichous 
and small glutinants or atrichous isorhizas (Fig. 9. 7). The 
pe^rants are the larlest, have armed thread-tube and inject poisonous 









Penetrant 


Volvent 


Small 

Glutlnant 


Large 

Glutlnant 


IFig. 


9 7 Types of nematocysts of Hydra- shown undischarged 
* ’ In the lower row and discharged In the upper row 
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fluid in the body of the victim. A penetrant has been described above 
L detail. The volvents have small pear-shaped capsule and l a _ short 
thick unarmed thread-tube closed at the distal end Its thread; ^ube hes 
iu the capsule in a single loop but, when discharged coils ttfWjuwutf 
the bristles or other projections on the body of the prey. The glut 
have oval Capsule and a long sticky thread- tube ofumform diameter 
and op" n at the distal end. They lack the butt. Their thread-tube s 
unarmed in the small glutinants and armed with a spiral row of minute 
spines in the large glutinants. In both types, the thread-tube, when 
discharged, adheres to the body of the prey. t 

On the body, the cnidoblasts occur mostly wedged in between the 
outer ends of the epithelio-muscular cells. On the tentacles a “d hypo- 
stome. however, they lie within the epithelio-muscular cells, which are 
then known as the host cells. A host cell contains a group of cmdo- 
blasts. Such a group is termed a battery. 


The cnidoblasts have no connection with the nerve-cells or sensory 
cells Tney discharge their nematocysts by direct stimuli and thus act as 
independent effectors. Exact nature of the stimulus that evokes discharge 
of nematocysts is not known with certainty. On proper stimulation, 
the operculum of the nematocyst capsule opens and the thread-tune 
is quickly everted. In this operation, first the base of the thread- tube 
with stylets and spines comes out and then the rest of the tube rapidly 
turns inside out. The thread-tube penetrates the body of the victim and 
hypnotoxin is injected into it. This kills or paralyses the victim. 

Once discharged, the thread-tube cannot be withdrawn nor can 
another nematocyst be developed in the same cnidoblast. Such cnido- 
blasts migrate into the enteron where, they are digested. 

The nematoblasts develop from the interstitial cells of the epidermis 
in the middle part of the body. From here the young nematoblasts pass 
into the enteron through the mesogloea and gastrodermis. From the 
enteron they again reach the epidermis when and where needed. On 
arriving at their final position, the nematoblasts become mature and 

functional. 

All types of nematocysts help in capturing the food. Besides this* 
the penetrants aid in keeping off the enemies and the glutinants in 
locomotion. 

(v/A Germ Cells. These are produced in certain regions of the body by 
repeated divisions of the interstitial cells of the epidermis. Tha germ 
cells give rise to the gametes for sexual reproduction. 

2. Gastrodermis. This is primarily absorptive, digestive and muscular 
in function, though it also helps in the circulation of food. It comprises 
five types of cells : epithelio-muscular cells, gland cells, nerve-cells* 

sensory cells and interstitial cells (Fig. 9. 4). 

(i) Epithelio-muscular Cells. These form the major part of the gastro- 
dermis. They are columnar cells with outer ends drawn out into muscle- 
processes which contain fine contractile fibrils. These muscle-processes* 
unlike those of the similar cells of the epidermis, run at right angles to the 
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bodv They thus, act as the circular muscles, which cause variation in 

«“ ““"SIS 

The pseudopodia ingest solid tood-parucies b t 

th“y behave ^exactly Hke^mS The flagella, by their lashing move- 

gas.ro vascular 

\Ji) Gland Cells These are smaller than the epithelio-muscular cells 

SISSSSb 

absent in the tentacles. They secrete a 
digestive juice into the gastrovascular 

cavity. 

(///) Interstitial Cells. These resemble 
those in the epidermis. They, m fact, 
migrate from the epidermis and lie in 
groups between the outer ends of epi- 
theliomuscular cells. They develop into 
other types of cells when needed. 

(,*v) Nerve-cells. These also resemble 
their counterparts in the epidermis. They 
are, however, far less in number. 

They form the so-called nerve-net 
inside the mesogloea. Perhaps the 
epidermal and gastrodermal nerve-nets 
are interconnected by fibres passing 
through the mesogloea. 

(v) Sensory Cells. These are fewer in the gastrodermis than in the 
epidermis. 

3 Mesogloea. The mesogloea is a thin sheet of jelly-like materia., 
secreted by both epidermis and gastrodermis between them. It is 
present everywhere except the central part of the basal disc It is 
traversed by nerve-fibres and contains no cells. Some migrating cells 
may be found in it at times. It serves as a basement membrane for the 
“lls of both the layers. (Figs. 9.2, 9.3 and 9.4). It also provides surface 
for the attachmeut of muscular processes and its elasticity helps 
in the extension of the body after contraction. It. thus, serves in Hydra 
as a supporting layer or skeleton. 

Musculature . . 

Hydra possesses two layers of contractile muscle-processes. These 
are attached to the opposite surfaces of the supporting mesogloea 
(Fies 9 4 and 9.8). The muscle-processes of the outer layer arise trom 
epithelio-muscular cells of the epidermis and are longitudinal in 
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Fig. 9.8. Diagram showing the 
direction of the muscle process 
of the two layers of cells in Hydra 
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arrangement. The muscle-processess of the inner layer spring from the 
epithelio-muscular cells of the gastrodermis and are disposed m a 
circular manner around the body. The circular muscle-processes contract 
slowly while the longitudinal muscle-processes can contract quickly. 
These muscle-layers of Hydra , thus, foreshadow in a dim way the 
visceral (unstriped) and skeletal (striped) muscles of higher animals. 
Musculature provides a high degree of mobility to Hydra . 

Movements and Locomotion 

Though fixed by its basal disc or foot to various objects in water. 
Hydra can move its body and tentacles and can, on occasions, also travel 
from place to place. 

Movements. Movements of Hydra comprise shortening, elongation 
and bending of the body and the tentacles and are of two types : 
spontaneous in response to internal stimuli and induced in response to 
external stimuli. Spontaneous movements may be seen in an undisturbed 
specimen. At short intervals, the body or tentacles or both contract 
quickly and then slowly expand in a new direction. A hungry indivi- 
dual shows greater activity than the well-fed one. These movements 
bring the animal in a new part of its surroundings, where it may find 
more food and oxygen. All these movements of the body are brought 
about by the muscle processes of the epidermal and gastrodermal cells. 
Its shortening aid thickening is caused by the contraction of the 
longitudinal muscle processes borne on the epidermal cells, while its 
elongation and narrowing is affected partly by contraction of the circular 
muscle-processes given out from the gastrodermal cells and partly by 
the elasticity of the mesogloea. Bending of the body results from 
shortening of one side and elongation of the other side. 

Locomotion. Hydra moves from place to place in several ways like 
gliding, dragging, looping, walking and floating. 

1. Gliding. Gliding is used for covering short distances on a 
smooth surface. In gliding, Hydra slowly creeps along the substratum 
in an upright position with the help of pseudopodia put out by the 
epidermal cells of the basal disc or foot. 

2. Dragging. This method is employed for changing location in a 
■imited area. The tentacles are attached * ;ome object, the basal disc 
:s released and the body is pulled towards bject by the contraction 
of the tentacles. 

3. Looping (Fig. 9.9). Looping is a normal mode of progression for 
travelling long distances The body is extended and bent over in the 
direction of movement to bring the oral end in contact with the sub- 
stratum. Tne tentacles are fixed by means of the small glutinant 
nematocysts. The foot is now released, drawn up closer to the oral end 
and fixed again. The tentacles are then freed and the body resumes an 
upright position. This looping action of Hydra resembles that of a leech 
or measuring worm. 

Sometimes the foot is put down beyond the tentacles so that the 
animal appears to somersault (Fig. 9.10). 
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Body bent and Foot drawn Oral end released 

oral end fixed near ora | en d and body stretched forwards 


Fig. 9.9. Looping in Hydra 
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Fig. 9.11. Walking in Hydra Fig. 9.12. Floating in Hydra 

4. Walking. In walking. Hydra travles in an upside-down position, 

using its tentacles as legs (Fig. 9.11). 

5 Floating. Occasionally, Hydra secretes in the mucus of the 
basal' disc a gas bubble, which detaches it from the substratum brings 
it upwards and helps it in floating passively at the surface (Fig. 9.1 2). 

Nutrition 

(a) Food Hydra is carnivorous. It feeds on living animals only. Its 
food consists principally of water-fleas, worms and insect larvae. 
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(b) Ingestion. Hydra , when attached by its foot, normally keeps its 
body and the tentacles well extended. In this position it waves its 
tentacles over a considerable hunting territory. When some tiny animal 
comes in contact with a tentacle, the nematocysts of that region are at 
once discharged. The penetrants puncture the victim and inject hypno- 
toxin, which paralyses it. The volvents coil up round the bristles or other 
projections on the victim’s body to hold it fast until ready for swallow- 
ing. The viscid surface of the tentacles also prevents the escape of the 
prey. The tentacle holding the captured prey bends towards the mouth. 
Other tentacles also bend over the prey and may assist in quietening it by 
using their nematocysts. All the tentacles now shorten and bring the prey 
just above the mouth. The mouth opens widely before the prey touches 
it. It opens by relaxation of the sphincter muscle. The edge of the 
mouth gradually closes around the prey to swallow it. Mucus secreted 
by the gland cells within the mouth helps the process of swallowing. The 
prey, thus engulfed, is forced down into the gastrovascular cavity by 
contraction of the hypostome. 

(c) Reaction to food. The mere contact of the prey with the tentacle is 
not enough to cause food-taking reaction in Hydra A chemical stimulus 
is also necessary. This chemical stimulus is provided by a substance 
cailed glutathione, which is universally present in all animal tissue fluids. 
This substance is released when the body of the prey is punctured by 
penetrant nematocysts. This is why Hydra feeds on living animals only. 
The dead animals and the living animals below the nematodes have no 
tissue fluid and are, therefore, not eaten by Hydra . 

(d) Digestion. The prey may remain alive in the gastrovascular cavity 
for some time. It is, however, soon killed by the secretion of the gland 
cells present in the gastrodermis. This secretion contains proteolytic 
enzyme, which partly digests the protein component of the food. This 
digestion of food which occurs in the gastrovascular cavity is called the 
extracellular or intercellular digestion. Such a digestion is found in most 
multicellular animals. The partly-digested food is broken into fine parti- 
cles by thrashing of flagella and churning movements produced by expan- 
sion and contraction ot the body-wall. This also brings about proper 
mixing of food and digestive juices for the better action of the latter on 
the former. The food-particles are ingested by pseudopodia put out by 
the free ends of the epithelio-muscular cells iu the gastrodermis and 
come to lie in food-vacuoles within their cytoplasm. Here the food is 
digested in much the same way as in Amoeba and other Protozoa. This 
is known as the intracellular digestion. It is to be specially noted that 
Hydra combines digestive methods of forms both lower and higher than 
itself. The probable reason for the retention of the intracellular 
digestion is that a sufficient concentration of digestive juices is not 
established in the gastrovascular cavity, which almost freely communica- 
tes with the outside water. Digestion in food- vacuoles shows early 
acidic phase and later alkaline phase. Digestion of protein is completed 
in the food-vacuoles. Lipids are digested entirely in the food-vacuoles. 
Hydra seems to be unable to digest starch. 
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(e) Distribution. The food digested in the gastrovascular cavity is 

absorbed into the gastrodermal cells. From here some of lt ^}^ es . 
through the mesogloea into the epidermal cells. Certain gastrodermal 
cells after capturing the food particles, break off from their neighbour- 
ing cells and either move in an amoeboid manner or are carried passively 
by currents set up by the flagella into the tentacles where they are 
ingested. Even fragments of gastrodermal cells also distribute the food 

in a similar way. 

(/) Assimilation. The food absorbed into the cells is transformed into 
protoplasm. This is called assimilation- A part of the food, chiefly the 
oil globules, is stored in the epidermal cells for use in the production of 

energy. 

(g) Egestion. The indigestible residues are cast off by *“®trodermal 
cells into the enteron. From here they are expelled out through the 
mouth by a series of violent contractions of the body-wall. The debris 
falls some distance away from the animal. 

Growth 

Growth in Hydra occurs by division of all types of cells except t e 
cnidoblasts. The latter are formed from the interstitial cells. 

ReS There 0 are no special organs for respiration in 

exchange necessary for respiration takes place over the 

the body. Both epidermis and gastrodermis are in contact ***., 

and no cell is far removed from it. Oxygen diffuses into the cells trom 

the water and carbon dioxide diffuses out of the cells. 


The waste nitrogenous 
during metabolism is lost 


Excretion 

Hydra lacks definite organs for excretion, 
matter, mainly ammonia, formed in the cells 
by diffusion into the surrounding water. 

Osmoregulation 

Epidermis and gastrodermis of Hydra's body present a large surface 
to the". This, as mentioned above, facilitates the «cbange of 
cases and elimination of waste nitrogenous matter. This also favours 
fX of wa er into the cells by diffusion Hydra cannot avoid th s 
U “ * vvatpr info its cells It can, therefore, be concluded that it 

must-be in possession of some mechanism for getting rid of exces ^!^ t ®f 
b order to maintain the water balance of its body. Th,s mechanism of 

osmoregulation, is, however, unknown. 

Behaviour 

also indicated by contraction. 
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Reproduction (Figs. 9. 13, 9.14 and 9.15). 

Hydra produces new individuals by asexual as well as sexual means, 

1. Asexual Reproduction. Asexual reproduction occurs chiefly during 

summer months when • food is 
abundant. It takes place by budding. 
Small protuberances arise from the 
body-wall near the foot (Fig. 9.14). 
These are termed the buds. Before 
budding starts, food accumulates in 
the gastrodermal cells of that region. 
Each bud encloses an extension of 
the enteron of the parent and its 
wall consists of three layers, namely, 
epidermis, mesogloea and gastrod- 
ermis, which are continuous with the 
respective layers of the parent body. 
The bud grows in size and soon 
becomes cylindrical. Tentacles deve- 
lop one by one at its free end by 
evagination. Mouth appears in the 
centre of the tentacles. This converts 
the bud into a small Hydra. A cons- 
triction appears at the junction of the 
young with the parent. The constric- 
tion deepens and finally the young 
Hydra is set free. The young Hydra 
rises to the surface of water and 
floats there for two or three days. 
During this period it is carried away 
from the parent by water-currents. 
Ultimately it settles down and fixes 
itself to some object with the aid 
of its foot. It then grows and 
becomes adult in due course of time. 

Several buds may arise simultaneously on a single parent and these 
may in turn produce secondary buds on them so that a sort of colony is 
formed. This condition is, however, short-lived and soon the various 
buds separate as independent individuals. 

2. Sexual Reproduction (Fig. 9. 15). Sexual reproduction generally 
occurs in autumn. Most species are unisexual or dioecious, i.e. bear male 
and female sex organs on separate individuals. A few are, however* 
bisexual or monoecious, i.e. bear organs of both the sexes on the same 
individual. Whatever the case, the sex organs or gonads are not perma- 
nent. They disappear after sheding the gametes and may appear at a 
new place next year. 

(a) Male Organs. A large number of interstitial cells gather at a place, 
pushing the epidermis into a conical elevation. This gives rise to the 
male organ or testis Several testes develop in this manner on a sin gle 
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individual. They are formed on the distal half of the body (Figs. 9.13 
and 9.15). The interstitial cells inside the testes behave like the primor- 
dial germ cells. They multiply by mitosis and produce innumerable cells, 
the spermatogonia. The latter, by an elaborate process of spermatogene- 
sis, give rise to the haploid male gametes, the spermatozoa or sperms. A 



Fig. 9.14. Bud formation in Hydra 

sperm consists of a minute rounded head and a long vibratile -tail. The 
mature spermatozoa escape through a pore formed at the tip of the 
testis and swim about in water in search of the female gamete. They 

remain active from 1 — 3 days. 

(b) Female Organ. Normally one individual bears a single female organ 
or ovary. It develops like a testis but is rounded in shape and appears 
on the proximal half of the body (Figs. 9.13 and 9.15). At an early stage 
it consists of an aggregation of interstitial cells surrounded by greatly- 
stretched epidermal cell!. The interstitial cells of the ovary are termed 
oosonia One oogonium, generally the more centrally-placed one. grows 
S At firs? it receives food like the other epiderma cells but 
later disintegration and absorption of adjacent interstitial c xlls provide 
nourishment The oogonium by a process of oogenesis forms the 
haploid female gamete or ovum. The ovum is a large rounded el 
packed with yolk granules. For sometime it remains covered by 
epidermal cells. The latter ultimately break and the ovum gets exposed. 

(c>i Fertilization Cross-fertilization occurs in Hydra. This is ensured 
by protanS-y Te maturation of sperms earlier than ova. The sperms 
from the testes of one Hydra swim to an ovum or 

rttw My, dm One of them penetrates the ovum and the two completely 
fuse to^form a diploid zygote. Fertilization normally occurs uithin two 
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hours and if it fails to take place within 24 hours, the ovum becomes 
sterile. 

(d) Development. (Fig. 9.15). Fertilization is i almost immediately 
followed by segmentation or cleavage, which is holoblastic or total, i.e. 

the cleavage cuts through the entire cell, and regular or 
cells formed are similar Soon a spherical embryo termed the blastula, 
is formed. It encloses a fluid-filled cavity, the blastocoel, walled by a 
single layer of similar cells, the blastomeres. The latter divide in 

MATERNAL 
EPIDERMIS 


BLASTOCOEL 



BLASTULA 
WALL 


CYST WALL 

ECTODERM 

SOLID CORE 
OF ENDODERM 


decaying 
CYST WALL 


Young Hydra £NT eron 
released from 
cyst 


CYST WALL 
ECTODERM 
ENDODERM 


Resting embryo 
Fig. 9.15. Life-history of Hydra 


tangential planes and the new cells formed fall into the blastocoel, filling 
it completely. The embryo is now called the gastrula or stereogastruia. 
Us outer layer of cells is known as the ectoderm and the inner solid 
mass as the endoderm. Later, a new cavity, the enteron, appears by a 
split in the central mass of endoderm cells and the gastrula becomes 
hollow. In the meantime the ectoderm secretes a horny covering, the 
cyst or theca, for protection against temperature extremes and desicca- 
tion. The cyst is smooth in some species, with low projections in 
others. The encysted embryo breaks from the parent and falls to the 
bottom of the pond, where it undergoes a period of rest for several 
weeks. The parent often dies after releasing the embryo. 
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, * nfcnersal The resting cysts are dispersed by water currents in mud 
on the ?eet of w’ato animalf and by air if water dries up altogether. 

( n Hatching (Fig. 9.15). With the approach of favourable conditions, 

(/) Hatcn g t B Mesoeloea is secreted between the ectoderm 
development is resu j er gn tiat f on 0 f cells occurs in these layers, which 
and the endoderm. me epiderm j s an d gastrodermis respectively. 

^ U !fv S t hreaL anTa tiny embryo comes out. Mouth appears at the 

SS tw -ound it ^^rts fteding^ 

* «~ itself to some object. 

Regeneration . . 

R^ao. .. . «X%, 

parts. Among animals t i P been found to occur 

Trambley, an Enghshman in 1740 Since then t Has n unced 

in all the animals, th °ag h , ^rymg^degrees. ^ £xamp , e> it is 

in the lower than in the gh tjssues Uke skjn> musc i es . bones, blood- 

restncted to healing oi inj incapable of regeneration. The 

£££.“Z££££ J«,.« tte lost ..... 1. »» 

their specialization. orvia-rino 

Hyla. being a lower 

degree. If cut into ^ntsTs smaH a’s O' 004 mm in diameter can grow 
individual. Even fragments as small « ” ^ a portjon of both epider- 

into entire animals provided Jll to regenerate fuse to form larger 

mis and gastrodermis. Pieces to regent If only the head 

lumps, each of which Hydra is formed. Hydra turned 

is split into two, a peculiar . j through the mesogloea of epi- 

p-'»- 

0 T,Le is very ...» i» 

successfully united with the aboral end of anotner 

dual. „ . . .. 

Morphological and Physiological D eren la 1 activities, like move- 

All living objects # exhibit * re p rod uction, by’ which they 

ment, metabolism, irritability, g Some of these, like the group 

differ from the non-living oh P Z pj*odium and Paramecium, perform 
Protozoa which includes Am ° eb “\ ery simple way within the limits 

these fundamental life functions bodies The position is, howeve . 
of their small, simple, acellular Here the body 

different in others, the Metazoa into a number of parts w u 

is large, . multicellular and dlffe . life activities. In II) (Ir f’ , 

are specialised to carry on the substratum, the ten 

instance, the foot fixes the animal to mouth is used for the ingestion 
capture food and help in locomo » th epidermis is P rot * 
of food and for the egestion of wastes, 
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muscular, sensory and reproductive in function and the gastrodermis is 
concerned with secretion, digestion and circulation. This phenomenon 
of carrying on different functions by different parts of the animal body 
is known as the morphological (structural) and physiological (functional)* 
differentiation or division of labour. This differentiation is relatively 
meagre in Hydra but progressively increases in the higher animals like 
earthworm, cockroach, frog and rabbit. 

Adaptations to Environment 

Highly extensile tentacles enable Hydra to hunt for prey over a con- 
siderable area around it and thus compensate for the sedentary mode of 
life. Intracellular digestion enables it to make full use of the captured 
food in the absence of sufficient concentration of digestive juices in the 
gastro vascular cavity due to its free communication with the outside 
water. Extremely thin body-wall facilitates respiration and excretion by 
diffusion. Ability to keep off the predators with the help of nematocysts, 
to move or float away from unfavourable spot and to regenerate lost 
parts quickly contribute to its survival. Rapid multiplication by budding 
maintains its population during favourable conditions. Formation of 
resistant cysts provides a good means of survival during periods of 
drought to which its fresh-water habitat is periodically subjected and of 
dispersal to new localities. 


Classification 

The fresh-water polyp described above belongs to the 


Phylum : 

Class : 
Family : 
Genus : 
Species : 


Coclenterata 


Hydrozoa 

Hydridae 

Hydra 
H. vulgaris. 


Because it is diploblastic, has cnido- 
blasts and contains coelenteron with a 
single outlet. 

Because its gonads are ectodermal. 
Because it has only polyp form. 
Because it is non-green. 

Because it is colourless. 


TEST QUESTIONS 


1. Describe in detail the structure of the body-wall of Hydra. 

2. Give an account of reproduction in Hydra. 

3. Write all you know about nutrition in Hydra. 

4. Discuss the various modes of locomotion found in Hydra. 


5. Write short notes on 

Radial s>mmetry, Nematoblasts, Regeneration, Mesogloea and Budding. 

6. Describe the following processes about Hvdra. 

(a) Excretion. (6) Growth. ( c) Dispersal 

(d) Ingestion of Food. (*>) Locomotion. 

r c 7 ‘ t-^c lhe S i Pe f' eS u °! rf \ li !' a , loun d in India. Make a bold labelled sketch of 
L.S. or T.S. through the body ot Hydra showing details of cells. 

8. Give an account of the habitat, habit; and external characters of Hvdra. 
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Obelia geniculata 

(The Sea-fir) 


It has been learnt in the previous chapter^ ^develo^buds, 

of individuals 

h y d r o id s° (flydr -a - 1 ite * a mi 3 t he i r f fn d i v i d u a 1 s , zooids. Obelia is one of the 

hyd H°Ibitat and Habits Obelia ^Tup^a depth of 

found ail over the world m the srjal ttached to various objects m 

about 72 metres Its co ^ ny “t c The colony is branched like 

S?r5“ “ « S' Life-history iooiud.s - 

free-swimming larva called the planula. 

COLONY , 

Morphology Hydra has radial symmetry. 

Colony of Obelia geniculata, hke . " J and ’ ttains a height of about 
It is creamy-white or light brown in colour and attams a . * ^ q{ a 
30 mm. To the naked eye, the colony presents t * 1} Qn closer 

delicate fur-like growth °. f f a "£ consist of two types of filaments ; 
examination the colony is found * . , filaments attach the colony 

the horizontal and the . v 5'‘ c 0 llectively called the , , 

to the substratum and are < JoUecuve.^ « <- ' 

hydrorhiza. The vertical filamen.s amejr ^ ^ 

hydrorhiza at 8 in a C ymose manner, 

hydrocauli. The latter t after ending 

each branch giving { he hvdr ocauli grow in a 

in a zooid. Tlns maK . branch at each 

zig-zag manner with a short branc hes are 

aftt srsn s 

" , rooid. The e».~ 

hydrocaulus lies a bud that . cavity the gastrovascular cavity 

ESSSS. peris arc, .a .he ««« I— • » 
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Fig. 10.1. Obelia 
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non-cellular layer. It is merely a chitinous secretion of the coenosarc. 
It functions as the protective covering for the inner living part. It also 
.gives support to the erect filaments. In the newly-formed parts of the 
colony, the perisarc lies in contact with the coenosarc, but later the two 
layers separate from each other by a fluid-filled space, except at certain 
^places where the coenosarc extends to meet the perisarc. The perisarc 
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Fig. 10.2. A portion of Obelia colony 
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iSfi’SruT SS^i”“ ul rS’ w w ~.« ««S!u? S' 

otherwise stiff perisarc. namely, polyps, 

S? 2JS •? Si. P E»™«» s f „K“grriS*zS 

polymorphism is accompanied by the division of l * bou ' H d in 

sssrs 

length of the zooid. It is pert°ratea a -.Jesses the tentacles, 

r5i«u £TS» of 

sras shtsstt r ‘-irsr *? p T » ■>*» 

with th/ gastrovascular cavity m the rest of the colony. 
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_. 103 vertical section of the polyp of Obella 

F g * * * . that K ear s the polyp expands to form a 

The perisarc of the br t an f btb ^ er i^ ro und the polyp- This is called 
transparent, vase-like Protec iv ^o g at its dista i e nd so that the 

the hydrotheca. The hydrotheca > P QUt of it as t he occasion 

polyp may easily retract into P tentacles are shortened and folded 
demands. In a contracted polyp, t “® i . face of the hydro theca at its base 
over the manubrium* ine inue 
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projects inwards as a circular shelf perforated in the centre. The polyp 
rests on the shelf and is continuous with the coenosarc of the colony 
through its central aperture. 

The body-wall of the polyp consists of two layers of cells : the outer 
•ihin epidermis and the inner thick gastrodermis (Figs. 10.3 and 10.4). The 
two layers are continuous at the edge of the mouth. Between these two 
layers of cells is a thin sheet of non-cellular gelatinous material, the 
mesogloea. , 

1. Epidermis. The epidermis is protective, sensory, muscular, 
secretory and reproductive in function. It is covered by a delicate 
cuticle and comprises five types of cells : epitheliomuscular cells or 
myo-epithelial cells, interstitial or indifferent cells, nematoblasts or 
cnidoblasts or stinging cells or nettle cells, nerve cells, and sensory 
•cells. 

(a) Epithelio-muscular Cells. The epithelio-muscular cells form 
the greater part of the epidermis. They are large cone-shaped cells 
having their broad ends directed outwards and narrow ends facing 
inwards. The broad ends of these cells meet one another to form a 
continuous covering over the body, interrupted, of course, by the 
cnidoblasts and sensory cells. Their outer portions contain a layer 
of granules, which secrete the protective perisarc outside. fcThe narrow 
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Fig. 10.4. A part of V. S. Polyp wail 

ends leave gaps between them and are drawn into two long unstriped 
processes termed the muscle-processes or muscle tails. The latter 
contain contractile fibril, the myoneme, and lie against the mesogloea 
parallel to the body. They act as longitudinal muscles, which 
increase and decrease the body length by their coordinated extension 
and contraction respectively. The cell has alveolar cytoplasm and 
contains near its middle a nucleus with one or two nucleoli and a 

network of chromatin. It also possesses a few supporting fibrils called 
the tonofibrils. 
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(b) Insterstitial Cells. The interstitial cells occur in groups filling 
•un the spaces between the inner narrow ends of the epithelio-muscular 
cells They are small rounded cells, each with a relatively large nucleus 
containing one or two nucleoli. They arise early in development by the 
division of ectodermal and endodermal cells of the embryo. They are 
not specialised for any particular function. They can divide and trans- 
form themselves into other types of epidermal cells and take part in 

budding and reparative processes. 

(c) Nerve-cells. The nerve cells are irregular in shape. Each 
consists of a small cell body with a nucleus and two or more fine 
branching processes, the fibres. The fibres of the adjacent nerve cells 
approach each other so closely that they appear to form a sort of nerve- 
net outside the mesogloea. The fibres may be in contact or intertwined 
round each other but there is no protoplasmic continuity between them 
The nerve-net is, thus, not continuous. The nerve-net serves to transmit 

impulses from one part of the body to another. 

(d) Sensory Cells. The sensory cells are scattered among epithelio 
muscular cellson the distal half of the polyp. They are long narrow 
cells each provided at the free end with a fine flagellum arising from a 
kine’tosome P and prolonged at the other end into a thin nodulated fibre 
that meeu the fibres from the nerve cells. The sensory cells are sensitive 
to external stimuli, like contact, light, temperature and chemicals. 

(el Nematoblasts or Cnidoblasts. These cells lie in the epidermis 

of the tentacles and hypostome. A nematoblast is a a tge P e ar shaped 

cell with its nucleus lying on one side (Fig. 10. s). It bears at us tree 

end a small sensory bristle, the cnidocil, set in a slight projection. 

It develops in it a remarkable structure known as the nematocys , 

probably composed of a chitin-like substance. The nematocyst consists 

Sf a large ovoid double-walled capsule and a long slender thread-tube. 

The thread tube is wide at the base. Th.s part of the thread-tube is 

called the butt. It is about as long as the capsule itself and shows 

wo regions : the proximal (one next to the capsule) wide shaft and 

!h°lista^ tapering spinneret bearing three large pointed stylets or barbs 

lnd d a few Spiral ridges with minute spines When undischarged, the 

hmt Wes inverted in the capsule, the stylets and spines being on its inner 
butt lies in thread-tube is coiled round it. The capsule is closed 

S att“uter en h d e by aflat^ or'opereuluin. It is filled with a poisonous 

a&s wsvs rr-cajsf 

connected £Tb£ oHhccnidob.as, 

an P dis •inse A rt t ed e on thelape. It prevents the capsule from being 

thrown out at the time of discharge. 

The nematocysts inject poisonous fluid in the body of the victim. 
Thelr^ thread tube can penetrate even the extremely firm chitmous 
covering oFinsecB and Crustaceans. The nematocysts do noMiave 

chargecf by^directCti'mufi 6 and^ihus,* function °as independent effectors 
The discharge is generally caused by a combination of mechanical 
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Fig. 10.5. Cnidoblast with penetrant type of nematccyst, undischarged 

above and discharged below. 

with a glass rod or other objects does not result in the discharge o 
nematocysts. 
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On proper stimulation, the operculum of the nematocyst capsule 
opens and the thread tube quickly everts, i.e.> turns its inside out. In 
this operation, the base or butt, being continuous with the capsule 
wall, comes out first, and the rest then follows from base to tip. As 
the thread-tube everts the stylets and spines unfold to the outside. 
The tip of the thread-tube penetrates the body of the victim and 
hypnotoxin is injected into it. This paralyses or kills the victim. 

Once discharged, the thread-tube cannot be withdrawn nor can. 
another nematocyst be developed in the same cnidoblast. Such cnido- 
blasts migrate into the enteron, where they are digested. 

2. Gastrodermis. The gastrodermis is primarily absorptive, 
digestive and muscular in function, though it also helps in the circula- 
tion of food. It comprises five types of cells : epithelio-muscular or 
nutritive cells, gland cells, nerve-cells, sensory cells and interstitial cells. 

(a) Epithelio-muscular Cells. The epithelio-muscular cells form 
the major part of the gastrodermis. They are large columnar cells 
with a large nucleus having a distinct central chromatin nucleolus. 
Their outer ends are drawn out into muscle- processes, which contain 
fine contractile fibrils. These muscle-processes, unlike those of the 
similar cells of the epidermis, run at right angles to the body. They, 
thus, act as the circular muscles which cause variation in the thickness 
of the body by their expansion and contraction. The circular muscle- 
processes around the mouth act as sphincters to close this opening. 
The inner free ends of the epithelio-muscular cells may put out. 
pseudopodia or flagella. The pseudopodia ingest solid food particles 
from the gastrovascular cavity for digestion in foodvacuoles within the 
cells. In this respect, they behave exactly like Amoeba. The flagella, 
by their lashing movements, keep the food circulating in the gastro- 
vascular cavity. The epithelio-muscular cells also absorb food digested 
in the gastrovascular cavity and for this have conspicuous microvilli 

on their free border. 

(b) Gland Cells. The gland cells are smaller than the epithelio- 
muscular cells among which they are scattered. They lack muscle 
processes and do not reach the 
mesogloea. They also bear one 
or two flagella. They are 
abundent in the body and the 
hypostome, but absent in the 
tentacles. Those in the hypos- 
tome secrete mucus for lubri- 
cation during ingestion of food, 
while those elsewhere secrete a 
digestive juice into the gastro- 
vascular cavity. 

(c) Interstitial Cells. The 
interstitial cells resemble those 
in the epidermis. They in fact 
migrate from the epidermis and 



Fig. 10.6. Arrangement of muscle pro- 
cesses of the two layers of cells In the 
body-wall of the polyp. 
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lie in .roups between the outer ends of epithelio-muscular cells. They 
develop into other types of cells when needed. tc . rnartq 

(d) Nerve-Cells. The nerve-cells also resemble their 
i„ the epidermis. They are. howeve, far te. the^pidemal 

'Se Tsrnectrrv 

through the mesogloea. 

' (e) Sensory Cells. The sensory cells are fewer in the gastroderrms 
iha " m Mesogloea. The mesogloea is a thin sheet of jfHy-like material 

tnenTof muscular processes and it. .Hlkit* helps in 

the body after contraction. It, thus, serves as a supporting layer or 

skeleton. 

The tentacles are solid, having a core of a single row ot large 
vacuolated gastrodermal cells. 

Blastostyle. The blastostyles (Fig. 10.2) are developed when the 
hvdroc lulus has attained its full length. They are generally produced on 
the lower nart of the colony in the axil of the branches that bear polyps. 
The blastostyle is a club-shaped zooid without mouth and tentacles. t 
is hollow and its cavity is continuous below with that in the rest of the 
colony. It is enclosed in a cylindrical expansion of the perisarc, the 

gonotheca. 

The blastostvles serve to produce the third type of zooids, namely, 
medusae. This is done by budding(Fig. 10.9). The medusae ultimately get 
constricted off from the blastostyle and become free inside the gonotheca. 
The gonotheca, now, develops at its tip an aperture, the gonopore, and 
medusae escape into the sea through it. They are probably expelled 
through the gonopore by currents produced by rhythmic contractions ot 
the polyps. Liberation of medusae occurs in spring or early summer. 

A blastostyle with its gonotheca and the medusa buds is called 
the gonaugium or gonanth. 


Physiology 

Nutrition. The polyps are the feeding zooids. They supply food to 
the entire colony. The food consists of small living organisms. They are 
captured with the help of nematocysts and brought to the mouth by 
tentacles as in Hydra. The annuli round the stalks of the polyps give 
them sufficient flexibility to move to and fro in water in pursuit of food. 
A part of the food is digested in the gastrovascular cavity of the polyp 
by the action of the digestive juices secreted by the gland cells of the 
gastrodermis. Tnis is called intercellular or extracellular digestion. 
The partly digested food circulates in the gastrovascular cavity of entire 
colony by beatmg of the flagella of the gastrodermal cells and by 
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rhythmic contractions of the polyps. It is ingested from the gastrovas- 
cular cavity by the pseudopodia of the gastrodermal cells in which it is 
digested in much the same way as in Amoeba. This is known as the 
intracellular digestion. From the gastrodermis, some of the digested 
food is passed on to the epidermis by diffusion. The indigestible food 
is egested through the mouth of the polyp. 

Respiration. Respiration is aerobic. It occurs through the general 
surface as in Hydra. The enteron of the entire colony contains water, 
which enters through the mouths of the polyps. This water is kept 
circulating by the contractions of the polyps and beating of gastrodermal 
flagella. The epidermis is also in contact with water, which diffuses 
through the permeable perisarc. Thus almost all the cells are in contact 
with water which has oxygen dissolved in it. This oxygen diffuses into 
the cells and the carbon dioxide likewise diffuses out of them. 

Movements. Colony is incapable of locomotion. Its zooids, 
particularly the polyps, show local movements. They can contract and 
expand their body and can bend their tentacles. 

Growth. Growth of the colony occurs more or less like a plant. It 
involves spreading of the branches of hydrorhiza along the substratum, 
development of new hydrocauli from the hydrorhiza and formation ot 
new zooids on the branches arising from the hydrocauli. Until a polyp 
is developed at the top of a branch, the latter does not produce the 
next branch. 

Excretion. Elimination of nitrogenous waste materials takes place 
by diffusion as in Hydra. 

Behaviour. The polyps are sensitive to stimuli. They respond to 
touch and unfavourable chemicals by contraction. 

The colony has no problem of osmoregulation as the sea-water is 
almost as dense as the cell contents. As the sea provides almost a 
uniform environment throughout the year and there is no desiccation, 
Obelia colony does not experience unfavourable periods and is capable 
of almost indefinite survival. 

MEDUSA 

Morphology 

The medusae are set free in spring or early summer and take 
several months to become full grown. A mature medusa (Figs. 10.4 and 
10.7) is a free-living, transparent, umbrella-like zooid, about six 
millimetres across. Its upper convex surface is called the exumbrella or 
aboral surface and the lower concave surface is called the subumbrella 
or oral surface. From the centre of the subumbrella, there hangs a 
vertical tube, the manubrium, at the tip of which lies four-sided aperture, 
the mouth. The edge of the umbrella projects inwards as a very narrow 
(almost rudimentary) shelf, the velum. Hanging down from the edge of 
the umbrella are numerous slender filaments, the tentacles. The tentacles 
are solid and their number, which is sixteen in the young medusa, 
increases with age. The four tentacles opposite the radial canals are 
called the per-radial tentacles. The four tentacles situated along the 
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bisectors of the angles between the radial canals are 

Inter-radial tentacles. The eight tentacles occupying the »dubeWMB 
the per-radial and inter-radial tentacles are termed ^eM-radial 
tentacles. The eight ad-radial tentacles bear sense organs at their Bases. 
The bases of all the tentacles are slightly swollen. 
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Fig. 10.7. Medusa of Obelia (oral view) 

The mouth opens into a short cavity, the gullet, which traverses the 
manubrium. The gullet leads above into a small stomach. From the 
stomach start four radial canals, which run towards the margin of the 
umbrella at equal distances from each other. At their distal ends, the 
radial canals open into a circular canal running round the umbrella. 
The gullet, stomach, radial canals and circular canal form the gastro* 
vascular cavity for the digestion and distribution of food. 


Histology 

The outer surface of all the parts of the medusa, namely, the ex« 
umbrella, subumbrella, manubrium, velum, and tentacles, is covered 
with a continuous layer of epidermis (Figs. 10.8 and 10.9). The whole of 
the gastrovascular cavity is lined with gastrodermis. The gastrodermis 
forms a thin sheet, the gastrodermal lamella, between the radial canals 
and a thick core in the tantacles. A noncellular gelatinous mesogloea is 
present everywhere between the epidermis and gastrodermis. The velum, 
however, contains mesogloea between two layers of epidermis, there 
being no gastrodermis in it. The mesogloea is thicker on the exumbre* 
liar than on the subumbrellar side. The tentacles have numerous stinging 
cells in their epidermis. The stinging cells occur round the mouth also. 
They are not found anywhere else. There are aggregations of interstitial 
cells in the swollen bases of tentacles. These cells form a reserve stock 
to replace the discharged cnidoblasts. 

The musculature is better developed and more efficient than in the 
polyp. The muscle processes of the epitheliomuscular cells are very 
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strong, particularly on the subumbrellar side. On this side, along certain 
tracts, one circular and a few radial, the muscle processes are longer 
than the cell itself and have separate nuclei so as to form a sort of 
separate muscular tissue. 

The nervous system is also superior to that of the polyp. Tt includes 
the sense organs and a double nerve-ring in addition to the double nerve- 
net in the layers of the body. 

The sense organs are concerned with equilibrium and are called the 
atatocysts. They are eight in number and lie at the bases of the ad- 
radial tentacles on the subumbrellar side. Each statocyst is a small fluid- 
filled sac (Fig. 10.8). Its walls consist of a single layer of epidermal 
cells, which are sensory near the margin of the medusa. A large cell 
hangs in the sac from its roof. This cell is called the statolith cell and 
contains a self-secreted calcareous particle called the statoiitn. 
Outside the statolith a fringe of sensory protoplasmic processes 
hangs from the sensory cells of the sac. When the medusa 
floats horizontally, the statoliths remain vertical and do not touch tne 
sensory processes. When the medusa is inclined in any direction, tne 
statoliths of that side touch the sensory processes and stimulate them. 
The nerve-impulse, thus set up, is transmitted by nerve-cells to tne 
muscle-processes which contract to restore the equilibrium. 

The nerve-rings are formed by concentration of ne^e 
outside the circular canal and one just inside it. Both the nerv g» 



Fig. 10.8. Medusa of Obella — vertical section through a radial canal on 
the right side aod through the gastrodermal lamella on the left side 


are connected with the nerve-nets by nerve-fibres. The outer nerve ring 
receives impulses from the statocysts by nerve-fibres and relays them to 
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the inner nerve-ring, which transmits them to the subumbrellar muscle 
processes. The latter then contract in response. 


mesogloea 



Fig. 10.9. V.S. through the base of an ad-radial tentacle 


Origin (Fig. 10.10) 

As already stated, the medusae develop from the blastostyles. Each 
medusae initiates its development as a small outgrowth, the medusae budt, 

RAOfAL 
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from the wall of the blastostyle. The bud enlarges and becomes almost 
spherical. It encloses an extension of the gastrovascular cavity of the 
blastostyle and its wall consists of three layers : epidermis, mesogloea 
and gastrodermis, which are continuous with the corresponding layers 
of the blastostyle. The epidermis at the distal end of the bud 
produces, by cell division, a disc of cells on its inner side. By further 
cell division the disc becomes two layered. Later a small cavity appears 
between the two layers of the di<c. The c ? \ i * y enlarges as the bud 
grows and is destined to become the sub umbrellar cavity. The outer 
wali of the cavity consists of two layers of epidermis, while the inner 
wall is composed of epidermis, mesogloea and gastrodermis. From the 
inner wall of the cavity pushes out a blunt projection which later 
forms the manubrium. Out- pushings around the manubrium mark the 
beginning of the radial canals. The margins of the bud grow out to initi- 
ate the formation of tentacles. The outer wall of the bud breaks 
down, leaving a small part of it at the periphery as the velum. The 
manubrium elongates and gets perforated by mouth at its free tip. The 
connection of the bud with the blastostyle is then severed by constric- 
tion. The aperture formed by severing of connection closes up soon. 
This makes the medusa free. It is to be noted that the attached end 
of the medusa bud becomes the exumbrellar surface. 

Physiology 

Nutrition. Food consists of small organisms. They are captured 
with nematocysts present on the tentacles. Ingestion is assisted by folding 
inwards of the margin of the bell. Both intercellular and intracclluar 
digestions occur. Egestion takes place through the mouth. 

Locomotion. Medusa generally floats passively and is drifted away 
' by water currents. It can, however, swim actively by rhythmic contrac- 
tions of its body. With these contractions water is forced out of the 
umbrella in one direction and the medusa is propelled in tl e opposite 
direction. The tiny medusa has been using this principle of jet propul- 
sion for millions of years before man employee it in the aircraft, Con- 
traction of the medusa is brought about by the contraction of strongly 
developed epidermal muscle-processes of the subumbrellarside described 
above in histology. Expansion of the medusa is caused chiefly by t he 
elastic mesogloea regaining its shape and partly by the contraction of 
muscle processes in the middle of the exumbrellar surface. 

Respiration and Excretion. Medusa lacks special organs for re->pira- 
tion and excretion. Oxygen is absorbed from the surrounding water and 
carbon dioxide and waste materials are eliminated from the body 
through the general surface of the epidermis and gastrodermis. 

Growth. Medusa grows in size by the division of all of its cells, 
except the nerve-cells. New tentacles arise as small buds at the margin. 

Coordination Medusa possesses an efficient arrangement tor the 
reception of stimuli and transmission of impulses. This is very essential 
f* r maintaining equuiunum ana causing locomotion. This is biought 
about by the cooperation of sense organs, nerve-rings, nervc-ncts and 
muscle-processes already described. 
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Reproduction. The medusae are the sexual zoolds. The sexes are 
separate. Each medusa, when mature, develops four gonads on the 
subumbrellar side in the middle of the radial canals. A gonad is an 
ovoid sac Which consists of an outer wall of epidermis continuous with 
that of the subumbrella, an inner wall of gastrodermis continuous with 
that of the radial canal, and an intermediate mass of sex-cells, ova or 
sperms (Fig. 10.8). The sex cells are derived from the epidermis. On 
maturity, the sex cells are shed into the surrounding water by rupturing 
of the outer wall of the gonads. Fertilization occurs in water. The 
medusa dies after liberating its gametes. 

Development. The zygote undergoes holoblastic segmentation. This 
produces a hollow spherical embryo, the blastula (Fig. 10.10). The cavity 
of the blastula is called the blastocoel. The wall of the blastocoel con- 
sists of a single layer of cells, the blastomeres. The blastomeres cut off 
from their inner surface new cells which drop into and fill up the blasto-* 
coel. The embryo is now called the solid gastrula or stereogastrula. 
The outer layer of cells is now termed the ectoderm and the inner mass 
of cells the endoderm. The gastrula elongates and its ectodermal cells 
acquire cilia. It is then known as the planula. The planula swims 
freely in water with its cilia, keeping its broad anterior end in front. 
During the period of its free existence, the solid endoderm develops a 
cavity, the enteron, by a split in it. With the result, the larva becomes 
truly two-layered. Some cellular differentiation occurs in both the 
layers. Ectoderm develops sensory cells and cnidoblasts and the endo- 
derm starts developing gland cells. The planula now settles down and 
attaches itself to some object by its anterior end. The cilia disappear. 
The attached end flattens into a disc from which later hydrorhiza grow 
out by budding. The free end broadens and develops tentacles by 
evaginafion. Mouth appears amidst the tentacles. Cellular differentia 
ation proceeds further and the ectoderm and endoderm assume the 
characteristics of epidermis and gastrodermis respectively. This stage 
looks like Hydra and is termed the bydrula. The hydrula develops a 
perisarc, which is secreted by its epidermis. It grows a stalk which 
raises it upwards. This stalk by budding forms a hydrocaulus. This 
inaugurates formation of a colony. 

Alternation of Generations 

Alternation of generations is the phenomenon in which an organism 
exists in two distinct forms, the asexual and the sexual, and the two 
alternate regularly in the life-history ; the asexual generation giving rise 
by asexual means to the sexual generation which then, in turn, by sexual 
method produces the asexual generation. 

Obelia seems to illustrate this phenomenon. The colony of this 
animal begins as a single zooid. As it grows, it forms new zooids, 
namely, polyps, blastostyles and medusae, by budding. Since budding 
is an asexual method of multiplication, the colony may be said to 
represent the asexual generation. The medusae, on becoming free from 
the colony, bear gonads which shed gametes The latter, by fertilization, 
form the zygote which, by segmentation, develops into a polyp that grows 
into a new colony. As the new colony results by a sexual process from 
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Fig. 10.11. Life-history of Obella 
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always produce acc’onyby sexual method. The colony is, likewise,, 
incapable of founding another colony at a new site. It always forms- 
medusae and other zooids by budding. The asexual generation or the 
colony, thus, regularly alternates with the sexual generation or medusae. 

It has been recently found that the gametes are not produced in th& 
gonads of the medusa. They actually start their differentiation in the 
epidermis of the blastostyle and later migrate into the medusa during its 
development from the blastostyle. Under these circumstances, it is rather 
impossible to distinguish between the sexual and the asexual generations. 

Moreover, the term “alternation of generations’* truly applies only 
to plants, notably the Bryophyta and the Pteridophyta. In these 
plants, the haploid sexual generation, called the gametophyte, produces 
gametes which by fertilization give rise to the diploid asexual generation, 
called the sporophyte. The latter produces the spores which grow into 
the gametophyte. In Obelia , the apparent asexual and sexual genera- 
tions, namely, the colony and the medusae respectively, are both diploid, 
the haploid phase being only represented by the gametes. 

The facts given in the two preceding paras show that there is no 
alternation between the sexual and the asexual generations in Obelia. It, 
however, possesses alternation between the fixed and the free-swimming 
generations. This brings about dispersal and prevents overcrowding of 
tne species. The fixed colony in due course of time exhausts oxygen and 
ood from its immediate surroundings which, thus, become unfavourable 
or nealihy growth. The locomotory medusae swim away from the un- 
avoidable site of the parent colony and establish new colonies where 
conditions of life are more appropriate. 

Since the colony, of Obelia does not develop gonads, it may be 
regarded as the juvenile stage and the medusae which produce gonads as 
v. adults. Therefore, instead of describing the phenomenon that 
occurs in Obelia as the “alternation of generations”, it is better to term 
it metagenesis, meaning deferment of the power of sexual reproduction. 
Polyp Versus Medusa 


I* Resem ^auce. Apparently there seems to be no similarity between 
!rrn P H, yP a! l t d . the ™ edusa - Actually, however, the two are homologous 

h uvlTnth b * Cing - built , on the sa ™ e fundamental plan. Resemblance 
!il r ,e i m! S so close that the one can be easily derived from the 
? m . ■ ) * r An inverted polyp at once assumes the medusoid 
m tv r / g,0 f r ? of tc .ntacles is pulled out and the manubrium is pushed 
nn^r V ’ together W'th the thickening of mesogloea, especially on the 

^ver^wlie^e gs vva,Is the P°^P together so that they meet 
nnd r* i °. rm ~ e gastrodermai lamella, except along the radial 

ihf ^ i lr Cana S /. , Tllus ’ we find that the P° l yP and the medusa have 

the bame layers which occupy the same relative positions in both the 
ep.derm.s covering the outer surface, the gastrodermi sluing the cavit£ 
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p . 10 , 2 Stages showing the derivation of the ™ '^rtedusa 

2. Difference. perform different func- 

tions.*^ e TThe^more Important fffffer^ic^s^a re tabulated bclo*. 


Polyp 


Body of the polyp is long and cylm- 
Polyp is a fixed zooid. 

right manubrium are sUu . 

The tentacles 0 H h eP° manubrium 
ated at the baseof th . t 30 in 
The tentacles are about w 

The^gastrovaacular cavity U a single 

spacious cavity occupying the whole 
of the body of the polyp. 


Medusa 


1. 

2 . 

3. 

4. 

5. 

6 . 
7 


Bodv of the medusa is short and 

U Mldu" a free-living zooid Inthe 
&il 8 wUhou, any covering. 

w a svrss.'ffss 

ated at the margin of the . u no 

The tentacles * it h age. 

stage, but number in j s re s- 

The gastrov-isculm ^ ■ V „ tha 

«'?!!* _ .^.i'^m' l canals and a 



Polyp 


Medusa 


8. There is no endoderm lamella. 8. There is endoderm lamella between 

' radial canals in each quadrant. 

9. The mesogloea, is almost of uniform 9. The mesogloea is much thicker on 

thickness throughout. the exumbrellar side than on the 

other side. 

10. The nervous system is poorly deve- 10. The nervous system is much better 

loped, consisting only of nerve-nets. developed, consisting of a double 

nerve-ring and a double nerve-net 

11. There are no sense organs. 11. There are eight sense organs, the 

statocysts. 

Ix. Ths polyp feeds and protects the I 12. The medusa brings about sexual 
colony. reproduction and dispersal of the 

.j- „ , , colony. 

ij. Polyps are produced directly on the 13. Medusae are produced on the 

hydrocaulj. blastostyles and not directly on the 

ia « , , hydrocauli. 

14. Polyp lacks gonads. 14. Medusa bears 4 gonads 

15. Polyp belongs to the asexual gene- 15. Medusa belongs to the sexual gene- 

ration. ration. 

3. Advancement. Medusa shows a distinct morphological advance- 
ment over the polyp in having sense organs and two nerve-rings in the 
nervous system ; almost an independent muscular tissue ; differentia-* 
tion of gastrovascular cavity into the gullet, stomach, radial canals and 

circular canal ; gonads for sexual reproduction ; and free-swimming 
life. 


Morphological and Physiological Differentiation 

Obelia shows morphological and physiological differentiation to a 
greater extent than Hydra. It is a colonial animal with three types of 
individuals or zooids. The horizontal branches of the colony fix it to 
the substratum, the polyps feed and defend the colony, the blastostyles 
bud off medusae which bring about sexual reproduction and dispersal, 
the perisarc, hydrotheca and gonotheca are protective and skeletal in 
function, and so on. Some of the cellular elements are also more 
elaborate m Obeha , at least over certain parts. For instance, in medusa 
along certain tracts, one circular and a few radial, on the subumbrellar 
side, the muscle-processes are larger than the cells and have separate 
nuclei so as to form a separate muscular tissue. Again, the medusa 
has sense organs and a double nerve-ring in addition to the nerve net. 

is increase in the differentiation of structure and function is main* 
tained in the succeeding animals. 

Adaptations to Environment 


Flexibility provided by the annuli present round the stalks of the 
polyps and the extensile nature of the tentacles enable the polyps to hunt 
or the prey over a large area around them and thus compensate for the 
fixed mode of life. Intracellular digestion enables it to make full use of 
the captured food in the absence of sufficient concentration of digestive 
juices in the gastrovascular cavity due to its communication with the • 
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o-ati facilitates respiration and excretion by 
outeide water Thin body- U J with P the he ip of nematocysts 

diffusion. Ability to Keep mi . contribute to the survival of ther 
“fony 0te Pr^uc^°n of free swimming medusae carries on dispersal, so 
essential for a fixed creature. 

Classification 

The sea-fir described here belongs to the 
Phylum : Coelenterata 


Class l 


Hydrozoa 


* o — 

Because of being diploblastic, having 
cnidoblasts and containing coelen- 
teron with a single outlet. 

Due to the possession of ectodermal 
gonads and regular alternation of 
fixed hydroid and free swimming 
medusoid phases. 

. Recause of having cup-like hydrothe- 

Familys Campannlarudae ^ ^ ends of distinct branchesc 

Because the reproductive zooids are 
free-swimming medusae. 

Because of being colourless and about 
30 mm. tall. 


Genus 


Obelia 


Species a geniculata 


TEST QUESTIONS 


„ ? Illustrate this phenomenon from tho 

1 What Is alternation of generations 
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wS"tL , 

.• n : n medusa of Obcllo f 

jj> ^"feeding and digestion in the poiyp of ObeUa. 

(c) Nematocysts, 

( d) Perisarc. 



CHAPTER 


Pheretima posthum a 

(The Earthworm) 


There are about 1,500 species of earthworms, varying in size from 
less than 1 mm. to 2 metres. They are found all over the world, except 
the arctic and antarctic regions. The common Indian species is Phere- 
tima posthuma. It is studied as a type because it forms a good represen- 
tative of the phylum Annelida, is easily available, has a convenient size 
and is perfectly harmless. 

Natural History 

Habitat. The earthworms live in the moist earth rich in dead 
organic matter or humus. Old pastures, lawns and gardens are the places 
where they are met with in abundance. According to Henson, there are, 
on an average, about 53,000 earthworms in an acre of garden soil. They 
are rare or absent in the poor, acidic, sandy or dry soils. The earthworms 
have selected rich moist earth as their habitat for various reasons. They 
respire through the skin, which the wet soil keeps moist for the 
diffusion of gases. The dead organic matter of the soil forms their chief 
food. Moisture and humus make the earth soft for burrowing. 

Habits. The earthworm is a nocturnal animal. During the daytime 
it lies passive in the burrow with the anterior end facing upwards. At 
night it becomes active and either comes out of burrow completely 
to roam about or keeps the hind end fixed in the burrow and slowly 
moves the rest of the body round and round. The earthworms emerge 
from their burrows during the daytime only if their burrows are flooded 
with rain. This is the basis for the old belief that the earthworms come 
down with rain. They actually come up with rain. 

Burrowing, earthworm makes its burrow by simply pushing the 
body through th uil if it is soft and by eating the soil if it is hard. The 
burrow runs aln. >st vertically into the earth and usually extends to a 
depth of 30 to 60 centimetres. During the dry periods of the year, i.e. 

a . . ^ worm descends much deeper (180 to 210 

centimetres) in search of moisture, whereas in the rainy season, when 
the burro.; gets flooded with water, it comes out on the surface. After 
deserting one burrow, the worm makes a fresh one. The entrance to the 
burrow is often covered with faecal castings, small pebbles or leaves to 
keep out water and enemies. The bottom of the burrow is compara- 
tively large for enabling the worm to turn about. The walls of the 
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burrow may be lined with bite of dead leaves, faeces of the worm or 

food of earthworm -ff^a.ong thh 2fS 

b^aYuckingact^on'^The orgamc matter^is^di^sted^and^^absorbed^m the 

alimentary canal and the residu familiar “worm castings”. The 

he * PS eeW ’ 

„d gardens daring tte o „ of |,„e, ,„d green 

The earthworm also feeds direaiy o 

algae growing on the sl » ne * “ d . s hermaphro dite or monoecious, i.e. the 
Breeding. The earthw - b tlie se xes. Self-fertilization is, 
same individual has or 8 aQS ° takes place between two worms and 
however, not possible. It occurs at night or early 

involves the mutual exchange ofspem wafm moist climate prevailing 

in the morning before sunr I se is oviparous. Several eggs and 

from July to October. The animat Qr ootheca wh ich is deposited 
spermatozoa are packed in a egg Qnly one wor m develops in an 

just beneath the surface of the jroun^ ^ aduU 

ootheca. The young _„c«e«es a good power of regeneration. 

Regeneration. Earthworm P tbe so n by agricultural imple- 

If it happens to be cut into half may develop the missmg 

ments, it does not necessarily die. nao 

portion and grow into a new wo • earthworm. A very small 

Grafting. Grafting is fairly easy 1 ffliddle a piece ot several 

worm can be formed by cl ? ttl “J .f^ds together. Strange two-headed or 

Klackof feeing and to several ene mies. Frogs, 

Enemies. The earthworms W'g&y are roam ing about on the 
toads and hedgehogs capture th > from {he burrows and centipedes and 
oround * certain birds drag 

moles attack them underground. 

External Characters (Figs. IU to g ^ shows bilateral symmetry 
Form Size and Colour. The earl a pointed anterior and a 

L h nde&e». Cy Ao adult “JffiS 

X W d n o^alScl h U further “distinguished by a dark median line runn- 

ing along the body. * e body is marked by circular 

jsbsa fSiKSsVj 

The segments vary from 100 to izu 
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there is, as a rule, a vertical partition or septum, which divides the body 
internally into compartments. We, thus, find that the external segmenta- 
tion of the body by annuli largely corresponds to the internal segmenta- 
tion by septa. This is called metameric segmentation. 

Clitellum. A prominent band 
encircles the fourteenth, fifteenth and 
sixteenth segments. This is known 
as the clitellum or, to be more appro- 
priate, the cingulum. As we shall 
learn later, the clitellum is glandular 
in nature and serves to secrete the 
material for the formation of the egg- 
case. Tbe clitellum divides the body 
of the worm into three regions : the 
pre-clitellar, the clitellar, and the 
post-clitellar. 

Setae. Each segment, except the 
first and the last, bears in its middle, 
a ring of small, f-shaped, chitinous 
bristles, the setae or chaetae. The 
setae of the clitellar segments are 
lost in the full-grown worms. The 
setae help the animal in locomotion 
and are of special service to it in 
climbing out of a burrow. When 
pulled by an enemy from the burrow, 
the worm extends its setae and 
acquires firm attachment with the 
wall of the burrow. 

Apertures. The body of the earth- 
worm has a number of apertures. 
These include : — 

(i) Mouth. It is a crescentic 
aperture at the anterior face of the 
first segment known as the peristo- 
mium. The dorsal edge of the peristomium projects forwards above 
the mouth as a small fleshly lobe, the prostomium. 

(ii) Anus. It is a slit-like aperture at the posterior face of the last 
or anal segment. There is, thus, no tail in earthworm like other 
invertebrates. 

(Hi) Female Genital Pore. It is a minute median aperture lying on 
the ventral side of the fourteenth segment. 

(iv) Male Genital Pores. These are a pair of small apertures situated 
on small papillae present on the ventral side of the eighteenth segment. 
In line with the male genital pores, the seventeenth and nineteenth seg- 
ments bear a pair of papillae each. These are called the genital or 

copulatory papillae. Each genital papilla has a shallow pit which looks 
like an aperture. 


DORSAL PO.'fiS 



PROSTOMIUM 

PERISTOMIUM 


ANUS 


ANNULI 

SEGMENTS OR 
METAMERE5 


CLITELLUM 


RINCS OP 
S6TAB 


MEDIAN LIN* 


Fig. 11.1. Pheretima posthuma 
(dorsal view) 
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(v) Spermathecal pores. These are four pairs of small elliptical aper- 
tures situated ventrolateral ly in the grooves between the fifth and sixth, 
sixth and seventh, seventh and eighth, and eighth and ninth segments. 

(yt) Dorsal pores. These are minute holes present along the mid* 
dorsal line in the intersegmental grooves. The first dorsal pore is 
found in the groove between the twelfth and thirteenth segments. 
This is followed by a pore in each succeeding groove except the last. 
The dorsal pores connect the coelom with the exterior. 




FEMALE GENITAL 
APERTURB 


CUT ELL UM 


male cfnttal 

- APERTURE 

GENITAL PAPILLA 


Fig. 11.3. Pheretima. The genital 

area in the ventral view 



Fig. 11.4. Pheretima posthuma (anterior region In lateral view) 

(WO Nephridiopores. These are numerous exceedingly fine pores 
scattered irregularly over all the segments except the hrst two. 

Body-wall (Figs. 11.5, 11.6 and 11.7). 

Structure The body-wall of earthworm consists of four layers J 
cuticle, epidermis, muscles and coelomic epithelium. 




146 


ZOOLOG V 


1 Cuticle The cuticle is a thin, noncellular, iridescent layer which 
covers^he* b oy externally. It is composed of the fine layers of collagen 
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r; g . 11.5. T.S. Pheretima through the typhlosolar region of the intestine 
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Fig. 1 1.6. Epidermis and cuticle of earthworm 
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fibres, the fibres of each layer being at right angles to those of the 
layer nextabove or below it. It is perforated by numerous minute pores 
through which the nephridia and epidermal glands open out. The 
cuticle is secreted by the columnar or supporting cells of*the underlying 

epidermis. 

2. Epidermis. The epidermis (Fig. 1 1.6) consists of a single layer 
of columnar or supporting cells resting on a basement membrane. Inter- 
spersed among the columnar cells are the gland cells, sensory cells and 
basal cells. The gland cells are of two types : the mucous cells and the 
albumen cells. They discharge their secretions, mucus and albumen, 
through pores in the overlying cuticle. The sensory cells occur in small 
groups and have protoplasmic processes at their outer end. The basal 
cells are small undifferentiated cells filling up the spaces between the 
inner ends of the other epidermal cells. They later give nseto the 
glandular and supporting cells of the epidermis and may, therefore, be 

called “replacing cells” also. 

3. Muscles. The muscles are arranged in two 1 yers : an outer 
thin layer of circular muscles and an inner thick layer of longitudinal 
muscles. Contraction of the circular muscles makes the body 'long and 
thin while that of the longitudinal muscles makes it thick and short 
The longitudinal muscles are arranged in bundles, each bundle separated 
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Fie 117 T S of a part of the body-wall of earthworm through the setal 
Fig. 11.7. m pan g and muscles of thc setae 

from its neighbour by connective tissue septa. A long narrow strip of 
muscle S fibres runsalo n g the inner surface of the skin in the mid-dorsal 

line The dark mid-dorsal streak visible on the skin externally is due 

to the presence of this strip. The body-wall musculature consists of 
smooth muscle fibres. 
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4 Coelomic Epithelium. The coelomic epithelium covers 

epithelium or parietal peritoneum. 

The setae are embedded in the ingrowths of epidermis cae 
setigerous sacs. Each seta is secreted by a single large epidermal ceU 
lying at the bottom of the setigerous sac To the base ot l ■ h 

setigerous sac are attached two sets of mu f o which 
radiates outward and joins the circular muscles and the retractor wmu 
"wards to join t special band of circular musclessituatedouts.de 

the parietal peritoneum in this region. These muscles serve > P . 

and withdraw the setae respectively. # The setae are wmpos ■ 
chitin hardened and strengthened by impregnation of scler p 
When worn out, the setae fall out and are replaced by new ones. 

Functions The bodv-wall protects the internal more delicate 
strucmre?ftorn mechanical injury. The cuticle checks excessive 
evaporation. The epidermis is the main seat of respiration, 
mucus secreted by the mucous glands moistens the skin toi i.d in i resp 

ration, lubricates the body to help m locomotion and cements the wa^s 

of the burrow of the worm. The albumen serves as the fo d 
worm developing inside the ootheca (see ootheca formation, page !«>)• 
The sensory cells receive external stimuli. The muscles are responsible 
for movements. The setae help in locomotion. The peritoneum 

secretes coelomic fluid. 

Coelom, Coelomic Fluid aud Lymph Glands 

Coelom. The coelom is the space between the body-wall and the 
viscera (Fig. 11.5). It is lined externally by parietal peritoneum and 
internally by visceral peritoneum. It is divided into a series of compart- 
ments by vertical partitions or septa which stretch across the codom 
from the intersegmental grooves of the body-wall to the a ^ imei ^ t P 
canal (Fig. 11.10) The first septum lies between the fourth and tte 
fifth segments so that the coelom in the first four segments is undivided. 
It is however, traversed by a number of muscular strands which connect 
the body-wall with the buccal cavity and the pharynx. The first 
is very thin whereas the next five septa are thick and muscular, une 
septum, either between the eighth and ninth or ninth and tenth segments 
is almost always absent. All the six anterior septa are oblique ana 
cone-shaped, the apices of the cones being directed backwards, me 
remaining septa are all thin and vertical. The first nine septa are 
complete partitions having no apertures in them. Each of the succee* 
ding septa is perforated by a number of oval or rounded a P® rtu f? 9 
having sphincter muscles round them. The septa consist of a double 
layer of peritoneum enclosing a thin sheet of connective tissue and 
muscle-fibres. 

Coelomic Fluid. The coelom contains a milky fluid, the coelomic fluid. 
This fluid has four types of cells or corpuscles : amoeboid ceils or 
phagocytes, circular cells, yellow cells or chloragogen cells, and mncocytes 
(Fig. 11.8). The phagocytes are the largest and most numerous. They 
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ihow amoeboid movements and can J^^^ria^The yellow cells are 

SS'S b“toi"t E ” “ numerous « "» T1W b * ,C 

PHAGOCYTES 


COELOMIC 
FLUID 


YELLOW Cta CIRCULAR CELL 

Fig. 11.8. Corpuscles of coelomlc fluid 

vesicular outgrowths on ^ their * t^rraediate^ itTsjse 

rtween the S^“ al fluid' ooIe^uKu'gh the" dorsal 
end expanded like a fan. Th the skin moist for respiration, 

pores and serves many fundhons « k ^ which are engulfed by the 
It disinfects the skin by killing o eUmin ating yellow cells which are 
phagocytes. It aids in ex fluid a | s0 helps in fixing the setae 

full of waste material. . j s brought about by making 

into the ground during loco t • stiff b rest ricting coelomic fluid 

Apertures of the septa between 

Lympb M ™ Sf'ASS'S.^SS-^?- 

bodies and digest them. 

Locomotion (Fig. 11-9.) body-wall muscles 

The earthworm moves by cem ra ^ contrac tion of the circular 
nided by setae. Locomotion sta s > w t^ Qf the body . The con- 

muscles in a limited region , hug exer ts pressure on the coelomic 

traction makes the region t D essure causes elongation of that region 

E“,S£3to. a *&•*»' ,rSy 
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segments. When the contraction has covered some distance, the setae 
of the anterior segments are protruded and fixed in the soil. The long- 
itudinal muscles of the anterior region now contract, making the region 
short and thick. As the anterior region is firmly anchored, its shorten- 
ing pulls the hinder region forwards. The above mentioned waves of 



Fig. 1 1 . 9 . Locomotion in eartworm 


contraction of circular and longitudinal muscles extend backwards and 
are followed by more similar waves passing in a similar alternating 
manner. At those regions where longitudinal muscles are contracting, 

wh^r; be< j omes th ! ck and setae are protruded to grip the substratum. 
Where circular muscles are contracting, the body becomes thinner and 

f n arC ?; itbdra i vn t0 raake the P art free 50 that ^ slips ahead. It, 
thu. follows that only a part of the worm’s body is moving at a time! 
This can be easily seen in a living worm. 

fionT^ * 1e,p ' n * oconaot ' on - They act as water-tight parti- 

Z flowing away of the coelomic fluid from the region of 

pressure h h flU ' d may cause el °ngation of the region under 


cannoTa^Zthe'body.^®^ 11 *° m ° Ve ° D 3 hard SUrface as the setae 

menT k Can , move backwards a,so - The backward move- 

ment is a normal affair during withdrawal into the burrow. 
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chemically and mechanically Into a form which can difiuse into the 
blood. 

Morphology. In the earthworm the digestive system is complete, t.e. It 
has an aperture for egestion in addition to one for ingestion. It consists 
of a long alimentary canal and some digestive glands associated with it. 

1. Alimentary Canal. The alimentary canal is a straight tube of vary-* 
ing diameter. It extends along the entire body. It is held in position by 
the successive transverse intersegmental septa which extend between it 
and the skin. The alimentary canal comprises many parts : month, 
buccal cavity, pharynx, oesophagus, intestine and anus. 

(n) Mouth. The mouth is a crescentic aperture situated on the 
anterior face of first segment or peristomium. It is overhung by a small 
fleshy lobe, the prostomium. It leads into the buccal cavity. 

(b) Buccal Cavity. The buccal cavity is a small thin-walled chambei 
extending from the first to the middle of the third segment. It is held in 
position by muscle-strands which pass forwards and backwards from its 
surface to the body-wall. The buccal cavity is followed by the pharynx. 

(c) Pharynx. The pharynx is a pear-shaped sac. It extends up to 
the end of the fourth segment. It is marked off from the buccal cavity 
externally by a dorsal groove which lodges the brain. Roof of the 
pharynx is depressed by the presence on it of pharyngeal mass or bulb 
(to be described later). Consequently, the cavity of the pharynx is broad 
laterally but low dorso-ventrally. (Fig. 11.11). The lateral walls of the 
pharynx deeply project into its cavity in the form of two horizontal 
shelves. Several radial muscle-strands pass from the surface of the 
pharynx to the body-wall. These muscle- strands by their contraction 
dilate the pharyngeal cavity during swallowing. They are called the 
dilator muscles. The pharynx opens behind into the oesophagus. 

MUSCULO VASCULAR 
TISSUE 


MUSCLE STRAND 

\ 


^HARV-NGEAL 
EPITHELIUM 


VENTRAL 
CHAMP cP, 


Fig. 11.11. T.S. pharynx of earthworm 

W) Oesophagus. The oesophagus is a long and narrow tube. I| 
extends up to the end of the fourteenth segment. In the eighth segmenf 
or in eighth and ninth segments, when their intervening septum ii 
missing, .the oesophagus is modified to form an oval sac, the gizzaid. 
The gizzard is a hard muscular organ with a thick wall lined internally 
by cuticle. It serves to reduce the food to a hne state by contractions of 
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its muscular wall. Behind the gizzard the lining of the oesophagus is 
transversely folded, highly vascular and glandular T 1' S It is 

sphincter at each end and is sometimes regarded as the stomach. It is 

followed by the intestine. ,. 

( e ) Intestine. The intestine is a wide, thin-walled tube extending 
from thelfteenth segment to the end of the body. It shows three 

dlSt (/) Ct The pre-typhtosolar region which extends from the fift ^ ent jj 
.o the twenty-sixth segment, it is characterised by the possession of a 
highly vascular and folded lining. In the twenty-sixth ^nt.apa.rof 
conical outgrowths, the intestinal caeca, arise from this region and 
extend forwards over three or four segments. 

7m The typhlosoiar region which starts from the twenty-seventh 
segment and Sates twenty-three or twenty-live segments ahead of 

thf hind end of the body. It is d,s- -°“™ 

tinguished by the presence of a large 
mid-dorsal projection, the typhloso e, 
hanging into the lumen of the 
intestine in addition to low folds 
over the entire inner surface. 

(w) Th'* post-typhlosolar region or 
the rectirn which occupies the last 
twenty-thr*e or twenty-five segments. 

It is without a typhlosole and con- 
tains the faecal matter. 

( f) Anus. The anus is a slit like 
aperture on the posterior face of the 
last or anal segment. 

The wall of the alimentary canal 
consists of three layers : the coelomic 
epithelium, muscles and enteric 
epithelium (Fig. 11.5). 

The coelomic epithelium covers 
the alimentary canal externally and 
consists of tall narrow cells As it 
covers the viscera and forms the 
inner boundary of the coelom, it 1 
often called the visceral layer of 

coelomic epithelium or visceral peri- 
neum. The cells of this layer over 

Se full of* minute yellow grang es 
and are called the ‘'yellow or chlora- 
soeen cells”. These cells are excre- 
tory in function. They collect waste 
materials from the blood-capillaries 
and, when full, fall into the coelomic 
fluid from where they are eliminated 
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Fig. 11.12. Digestive system of 
Pheretima posthuma 
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through the dorsal pores and nephridia. The chloragogen cells are 
also considered to store reserve food in them. 

The muscles are differentiated into the outer longitudinal and the 
inner circular muscles. The two muscular coats vary in developmen 
in different regions of the alimentary canal. Both the coats are fee y 
developed in the intestine but well-developed in the oesophagus^ 
pharynx and buccal cavity. The gizzard has circular muscles only. 
All the muscles of the alimentary canal are unstriped. 

The enteric epithelium lines the cavity or lumen of the alimentary 
canal and consists of tall nutritive cells and vacuolated gland cells. 

2. Digestive Glands. There are three types of digestive glands associat- 
ed with the alimentary canal of the earthworm. A prominent gland called 
the pharyngeal mass or bulb is situated on the roof of the pharynx. It 
secretes a proteolytic or protein-digesting enzyme and mucus, which are 
discharged into the pharynx by fine ducts. The epithelial lining of the 
oesophagus behind the gizzard contains gland cells which also secrete a 
proteolytic enzyme. The gland cells are also present in the epithelium of 
the intestine. These cells secrete all the three types of enzymes, namely, 
proteolytic, amylolytic or starch-digesting and lipolytic or fat-digesting. 

Food. The food of earthworm consists mainly of dead organic 
matter present in the soil. To get this food, the worm swallows enormo- 
us quantities of soil. It also feeds directly on bjts of leaves and green 
algae growing on the moist earth. 

Ingestion. For taking food, the worm applies the mouth to the 
food and expands the pharynx by the contraction of the muscle-bands 
connecting the pharynx with the body-wall. The enlargement of the 
pharyngeal cavity draws the food into the buccal cavity by sucking 
action. 

Digestion. Digestion in earthworm is intercellular or extra-cellular. 
In the pharynx, the food meets the secretion of the pharyngeal mass. 
This secretion lubricates the food with its mucus and begins to digest 
the proteins with its proteolytic enzyme. In the gizzard, the food is 
ground up by the contractions of its muscular walls. The soil particles 
swallowed with the food probably help in the grinding operation. Behind 
the gizzard the food receives another proteolytic enzyme, which digests 
more proteins. The digestion is completed in the intestine where pro- 
teins are broken into amino acids by the proteolytic enzyme, the starches 
are converted into sugars by the amylolytic enzyme and the fats are 
changed into fatty acids and glycerine by fat-splitting enzyme. 

Food is slowly pushed backwards by rhythmic waves of contraction 
passing along the alimentary canal from the anterior to the posterior 
end. This is called peristalsis. 

Absorption. The digested food diffuses through the w«U of the 
intestine and enters the blood. This is known as absorption. The blood 
distributes the food to all the parts of the body. 



PHERETIMA POSTHUMA 


155 


Assimilation. The food is ultimately converted into the protoplasm 
of the worm in the cells. This is called assimilation. 

Egestion. After the useful matter has been digested and absorbed 
in the intestine, the residue collects in the rectum and changes into 
faeces. The faeces is finally voided out on the surface of the soi 
through the anus as the familiar “worm castings . 


Growth 


It 


Growth in earthworm occurs uniformly in all parts of the body, 
involves the division of all the cells except the nerve-cel s. 

Respiratory System 

The respiratory system provides oxygen to the body and removes 
carbon dioxide from it. 

Earthworm does not possess special organs for respiration. jMakes 
place through the skin and is called cutaneous respira : ^ highly 

remarkably adapted for this function. It » e muC us secreted 

vascular. It is kept moist by the moisture of ‘ t > oozing out of 

by the gland cells of the epidermis and the . fluids. This 

the dorsal pores. Oxygen from the air disso Wes in ctLp[m 

oxygen has greater partial pressure than t ^ through the thin 

llaries. Therefore, this oxygen diffuses it ,, , haem oglobiD which 

skin. The blood contains a respiratory pigment called S loosely 

greatly increases its capacity for oxygen absorb g- ‘ * the blood 

combines with oxygen to form oxyhaemoglobir .From ‘ 

with its oxyhaemoglobin goes to the inte ™ § The oxygen diffuses from 
bin breaks up into oxygen and haemoglobin. The oxyg a have 

the blood into the cells of the internal organs because tn 
datkm°of food f 

diffusion through the skin. 

Pro- ihe above — 

gfvS“p 'ea.U" 

fcctfC VSet. xs sk a — 

^-Nervous System (Figs. 11.13 and 11. *4). c.-no of all parts 

The nervous system controls and co-ordinates the work.ng of pa 

of the body. . hiphlv organised than 

The nervous system in the cart * or ® nervous system. 
In Obelia. It is divisible into three parts . cMtrai 
peripheral nervous system and autonomic nervous system. 
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1. Central Nervons System. It comprises a pair ° f snprapharyngeal 
ganglia, a pair of peripharyngeal connectives, a P air °J ^ ijj |i so 
ganglia and the ventral nerve-cord. The suprapharyngea g gl * 
called the cerebral ganglia, are situated in the third segment 
alimentary canal in the groove between the buccal cavi y . 

pharynx. The two ganglia are fused to form a common mas , 

often called the “brain”. The subpharyngeal ganglia are comparatively 
small and lie in the fourth segment below the pharynx. P 

pharyngeal connectives pass backwards and downwards along the 
. sides of the pharynx and connect the suprapharyngeal ganglia wi 
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Fig. U.13. Nervous system of Pherelima posthuma 


subpharyngeal ganglia. All these structures, thus, form a nerve-ring 
round the pharynx. The ventral nerve-cord extends from the subpharyn* 
geal ganglia to the last segment of the body along the mid-ventral line 
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number of branches. Nerves given off from the peripharyngeal connect- 
ives supply the first two segments of the body. The subpharyngeal 
ganglia provide nerves to the third and fourth segments. From each 
•ganglionic swelling of the ventral nerve cord arise three pairs of nerves 
v/hich are distributed to the organs of their respective segment. 

The nerves possess both the afferent and the efferent fibres so 
that they are mixed in nature. The afferent fibres connect the nerve- 
cord with the sensory cells of the epidermis while the efferent fibres 
connect the muscles with the nerve-cord. The sensory cells of the 
epidermis receive the external stimuli and convey the sensory impulse to 
the nerve-cord by the afferent fibres. In the nerve-cord, the sensory 
impulse is transformed into a motor impulse which is carried to the 
muscles by the efferent fibres. The muscles then contract in response. 

3. Autonomic nervous system. It comprises an extensive plexus of 
nerve-fibres present between the lining epithelium and the circular 
muscles of the alimentary canal. The plexus is connected by fibres with 
the circumpharyngeal connectives. 

Sense Organs (Figs. 11.16, 11.17 and 11.18) 

The sense organs are meant for receiving the external stimuli. In 
earthworm, the sense organs are very simple, consisting merely of 
sensory cells situated in the epidermis either singly or in small groups. 
Those lying m groups form the tactile, olfactory and taste organs while 
those occurring singly form the light-sensitive organs or photoreceptors. 
Organs of hearing are altogether absent so that it is unable to perceive 

ScNSORr HA1K 



Fig. 11.16. A tactile organ 

■the sound vibrations. Its skin is, however, highly sensitive to the 
vibrations in the ground . 
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(0 Tactile Organs. These are situated in the epidermis, causing small 
elevations on the surface of the skin. They are distributed over the 
entire body but are more numerous towards the anterior side. Each 
tactile organ consists of a cluster of long, narrow, somewhat spindle-like 
sensory cells surrounded by supporting epidermal cells. The sensory 
cells have spaces between them and bear fine hair-like processes at tneir 
free ends which are covered by cuticle like ordinary epidermal cells. 
From the bases of these cells arise nerve-fibres that connect them with 
the central nervous system. Besides responding to the tactile stimuli, 
the tactile sense organs perhaps can also perceive the chemical stimuli 

and changes in temperature. 



NERV«: 


Fig. 1 1.17. A buccal receptor 

an Olfactory and Taste Organs. These are similar to the tactile organs 
in structure but they lie in the buccal epithelium. They enable the worm 
to smell and taste the food. 


CUTICLE 



ig 11.18. A photoreceptor 
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(///) Photoreceptors. These are situated in the deeper part of the epider- 
mis. They are more numerous on the prostomium, but occur on other 
segments also, though in smaller numbers. A photoreceptor is a short 
but broad cell with a nucleus and clear cytoplasm. It contains a small, 
curved, transparent rod, the optic organelle or lens, which focusses light 
from almost any angle on fine neurofibrils that lie in the lower part of 
the cell. The neurofibrils may be likened to the retina in the functional 
sense. They converge into an afferent fibre which leaves the cell at its 
base and proceeds to the central nervous system. ^ The photoreceptors 
enable the worm to detect changes in the intensity of light. Being 
nocturnal in habit, the earthworm avoids strong light. 

To detect changes taking place within the body, the worm has 
minute receptors, called the proprioreceptors, in the muscles. 


Behaviour 


Earthworms are sensitive to all sorts of stimuli. They avoid strong 
light but can tolerate the dim light of early morning. They respond to 
very low and very high temperatures by burrowing deeper in the soil. 
They contract their body when touched. They avoid strong chemical 
vapours but move towards the food. They like moisture and avoid 
dryness but leave their burrows if they get flooded with water. We, thus, 
find that the earthworms react negatively to light, temperature extremes, 
strong mechanical stimulus and strong chemicals but positively to 
humidity. 

Circulatory 

The circulatory system serves to transport materials from one place 
to another in the body. 

This system comprises four parts : blood, blood-glands, blood-vessels 
and hearts. 


steriTfFiR. 


System (Fig. 11.19) 


1. Blood. The blood is composed of a fluid called plasm and cells 
termed corpuscles. The corpuscles are amoeboid, colourless and nuclea- 
ted. They resemble the leucocytes of vertebrates- The blood is red in 
colour because it contains a respiratory pigment, the haemoglobin, 
dissolved in the plasma. The blood forms the medium of transport, i.e. 
it carries food, oxygen, corbon dioxide and urea to the desired parts in 
the body. It also carries the protective corpuscles to places of infection 
for engulfing the foreign micro-organisms. 


2. Blood Glands. These are spherical masses of red colour on 
the alimentary canal in the segments 4, 5 and 6. They are considered 
fo produce blood-corpuscles and haemoglobin. 


3. Blood-vessels. The blood-vessels are closed tubes in which the 
blood, with its load of materials needing transport, flows. The arrange* 
ment of blood-vessels in the first thirteen segments is considerably 
different from that in the rest of the body. It is consequently essential 
fo describe the blood-vessels in two lots : 
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(a) Arrangement of Blood-vessels behind the Thirteenth Segment. 
This region of the body has three longitudinal vessels, namely, the 
dorsal, ventral and subneural. 

(/) Dorsal Vessel. It is the largest of the three longitudinal vessels. It 
runs along the mid-dorsal line a little above the alimentary canal and 
extends from the posterior to the anterior end of the body. Its thick 
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muscular walls undergo rhythmical contractions which pass from behind 
forwards and drive the blood in the same direction To prevent 
the backward flow of the blood, the dorsal vessel is provided with valves 
of which there is a pair just in front of each septum. The dorsal vessel 
in this reeion acts as a collecting channel. In each segment, it recei e 

twopairsof small vessels, the dorso-intestinal vessels, and one pair ot 

long vessels, the commissural vessels. The dorso-intestinal vessels b g 
blood from the intestine with the help of an equal number of transverse 
vessels which surround the intestine. The commissural vessels aris 
ventrally from the subneural vessel, travel upwards along the posterior 
face of the septum, collect blood from the nephndia and body-wall in 
the way and open into the dorsal vessel. The dorsal vessel, thus, collect 
blood from the intestine, nephridia and body-wall. 


07) Ventral Vessel. It runs along the median line below the intestine. 
It also extends throughout the length of the body It is devoid of valves 
and the blood flows backwards in it. It acts as the distributing channel 
in this reeion. In each segment, it gives off a pair of yen trotegumentary 
vessels to^the nephridia and body-wall and an unpaired vent ro -intestinal 
vessel to the intestine. The ventral vessel, thus, supplies blood to the 
intestine, nephridia and body-wall. 


077) Subneural Vessel. It is a fine tube running along the median line 
below the nerve- cord. It extends from the posterior end of the body to 
the fourteenth segment only. The blood flows backwards in the sub- 
neural \essel as in the ventral vessel. Like the dorsal vessel the sub- 
neural vessel also acts as the collecting channel. It receives blood from 
the nerve-cord and the ventral part of the body-wall. It sends its blood 
to the dorsal vessel by a pair of commissural vessels in each segment as 

described earlier. 

The dorsal vessel, therefore, collects blood from all parts of the body 
in the intestinal region and pumps it forwards to the anterior region. 


( b ) Arrangement of Blood-vessel in the First Thirteen Segments 
(Fig. 1 1.19). In this region the dorsal and the ventral vessels are con- 
tinued as such up to the anterior end, subneural vessel bifurcates into 
two lateral oesophageal vessels and a new vessel, the supraoesophageal 
vessel, is formed on the oesophagus. 


(/) The Dorsal Vessel. It now becomes a distributing vessel. It gives off 
small branches to the buccal cavity, pharyngeal mass, pharynx, gizzard, 
oesophagus and pharyngeal nephridia. It sends the rest of its blood to 
the hearts to be described later. Anteriorly the dorsal vessel reaches the 

brain. 


(//) Ventral Vessel. It continues to be a distributing vessel here also. 
It supplies blood to the body-wall, nephridia, spermathecae, seminal 
vesicles and ovaries by a pair of ventro-tegumentary vessels in each 
segment. These vessels, however, remain in their own segment and 
lack septo-nephridial branches.. Anteriorly it reaches the second 
segment. 
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am T ateral Oesophageal Vessels. These are formed , as mentioned above, 

by the bifurcation of the subneural vessel in the fourteenth segment. They 

run forwards along the ventro-lateral aspects of the alimentary canal. 

They collect blood from the body-wall, nephridia, spermathecae, 
iney coneci ut • They send their blood into the supra- 

seminal vesi pa j rs of nonpu l S atile circular vessels, the 

“anterior loops’ ’ present on the sides of the oesophagus in the tenth and 

eleventh segments. . , 

„ It lies on the oesophagus from the mntn 

(/v) Supra-oesophagealjessel. lU.e,O bi ^ d ^ t £ e gizzard and the 

to the thirteent T 1 ? ^'receives blood from the lateral oesophageal vessels 
oesophagus. It also r and eleventh segm ents. It 

Shi » .h= p««‘« >»» •>“” °< 

situated in the twelfth and thirteenth segments. 

4 Hearts. There are four pairs of hearts, a pair m each of the 

seventh, ninth, twelfth and thirteenth 
segments. The anterior two pairs o 
hearts receive blood from the dorsal 
vessel only and are called the lateral 
hearts The two posterior pairs o 
hearts receive blood from the dorsal 
vessel as well as from the supra- 
oesophageal vessel and are kn °" r '^ 
the latero-oesophageal hearts. All t 
hearts have muscular pulsatile walls 
and pump the blood into the ventral 
vessel by rhythmical contractions. 

The backward flow of the blood is 
prevented by valves present in the 

hearts (Fifi- 11.20). 


CCRSal 

VESSEL 


Valves 



supra. 

OESOPHAGEAL 

VESSEL 


lATERo 
OESOPHAGEAL 
HEART 


ALVE 


LATERAL HFART 


VENTRAL 
VESSEL 


iretory System (Figs. H-21 and 
"l l .22). Pi g> H.20. Hearts of Pheretima. 
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the funnel enters the proximal limb of the twisted loop and after taking 
several turns in the body of the nephridium, leaves the proximal limb as 
the terminal nephridial duct. The latter is ciliated internally and drains 
out the waste material from the nephridium. 

The septal nephridia are attached to the anterior and posterior faces 
of all the septa behind the segment 15. They are arranged m two rows 



Fig. 1 1.21. A septal nephridium of Pheretima 


on each face of the septum, a row on either side of the intestine. They 
vary from 80 to 100 per segment. The terminal ducts of all the 
nephridia in each row open into a septal excretory canal. The two 
septal excretory canals tun upwards along the septum and open into a 
pair of supra-intestinal excretory ducts running over the intestine from 
the fifteenth segment to the hind end of the body. Each duct opens into 
the intestine by a minute ductule in each segment. Since the septal 
nephridia open into the gut, they are described as enteronephric. 

(ii) Integumentary Nephridia. These are attached to the inner surface of 
the integument or boay-wall. They occur in all the segments except the 
first two. They vary from 200 to 250 per segment. They are said to form 
“forests” in the three clitellar segments where their number is about ten 
times the number in other segments. The integumentary nephridium is 
(ess then half the size of the septal nephridium. It is closed internally 
as it lacks the nephrostome. Its terminal duct leads directly to the 
exterior by a fine aperture, the nephridiopore. The integumentary 
nephridia are, therefore, called exonephric or ectonephrk. 
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(jii ) pharynsealNephridia. These are found in the fourth, fifth and sixth 
segments asThree bunches on each side of the alimentary canal They 

SSTSSl. S — drr.t. ore formed in rbi, m.nner. 
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Physiology of Excretion. The nephridial tube has a glandular 
epithelium which is profusely supplied with blood. The epithelial cells 
extract waste material, chiefly urea, from the blood. The waste material 
travels from the body of the nephridium to its terminal duct which 
discharges it either directly to the exterior or into the alimentary canal. 
The septal nephridia also receive coelomic fluid with its load of waste 
products through nephrostomes and convey it into the alimentary canal 
for removal through the anus. While the coelomic fluid is passing 
through the nephridia, its useful constituents are taken up by the 
glandular cells of the nephiridium and conveyed into the blood j 
capillaries. This process is called selective resorption. The fact that 
the fluid, i.e. urine, reaching the nephridiopore is hypotonic to that in 
the beginning of the nephridium shows that resorption occurs. The 
elimination of nitrogenous wastes through the gut is an adaptation for 
conserving water by its reabsorption into the blood. 


Some excretory matter is got rid of with the coelomic fluid that 
passes out through the dorsal pores. 

Reproductive System (Fig. 11.23) 

The reproductive sytem is concerned with the production of off- 
spring. 

There is only sexual reproduction in earthworm. The animal i3 
hermaphrodite. Self-fertilization, however, does not occur because the 
testes and ovaries mature at different times. The teste* ripen earlier. 
This condition, called protandry, makes cross- fertilization necessary. 
Hermaphroditism, thus, seems to be of no use to the earthworm. It* 
however, increases the rate of reproduction as all the earthworms are 
capable of laying egg* whereas in the unisexual animals only the 
females or 50% of the population produce eggs. 


Male Reproductive System. The male reproductive organs of earth- 
worm are two pairs of testes. They are minute, whitish, palmate bodies 
situated in the tenth and eleventh segments below the stomach on the 
sides of the nerve-cord. Each testis consists of a few finger-like 
processes projecting backwards from a compact base. The processes 
float in a fluid round them and contain rounded cells, the spermatogonia. 
Each pair of tcsirs is enclosed in a thin walled fluid-filled bag, the 
testis-sac. There are, thus, two testis sacs and they lie one behind the 
other m the tenth and eleventh segments. The posterior testis-sac is 
larger than the anterior one. Both the sacs are the shut off portions of 
the coelom. There are two pairs of large white structures, the seminal 
vesicles, situated in th*. eleventh and twelfth segments. The seminal 
vesicles of the eleventh segment are enclosed in the testis-sac of the 
same segment a^d communicate m front with the testis-sac of the tenth 
segment. The seminal vesicles of the twelfth segment are uncovered and 
communicate ia trout with toe t .s'is sac of the eleventh segment. Tho 
seminal vehicles devek p as outgrowths of the septa and are, therefore* 
also called tuo septal pouche*. Situ it d cio*e behind the testes and 
enclosed m the testis-sacs are two pairs of large ciliated funnels known 
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168 


ZOOLOGY 


extend from the sixteenth or seventeenth segment to the twentieth or 
twenty-first segment. In the eighteenth segment each gland gives off 
on the inner side a short prostatic duct which gets enclosed in a 
muscular sheath along with the vasa deferentia as described above. The 
function of the prostate glands is not known. The accessory glands 
are two pairs of rounded masses lying on the ventral body-wall in the 
seventeenth and ninteenth segments just internal to the prostate glands. 
They open to the exterior by a number of ducts on the genital papillae 
situated on the seventeenth and ninteenth segments. Their secretion is 
thought to assist in keeping the two worms together during copulation. 

The testes shed spermatogonia into the testis-sacs whence they pass 
into the seminal vesicles where they deveiop into spermatozoa by an 
elaborate process of spermatogenesis. The spermatozoa come back into 
the testis-sacs and find their way into the spermiducal funnels. From 
here they travel backwards through the vasa deferentia and are finally 
shed into the spermathecae of another worm during copulation (to be 
described later). 

Female Reproductive System. The female reproductive organs are a 
pair of ovaries. They are situated in the thirteenth segment, one on 
either side of the nerve-cord, attached to tne posterior face o' the 
septum between the twelfth and thirteenth segments. Each o>ary. like 
the testis, is palmate. It consists of a large number of fing r-1 ke 
processes arising from a compact base by which it is attached. The 
processes float in the coelomic fluid and contain rows of ova in various 
stages of development. Lying immediately behind each ovary is a 
bread funnel with folded and ciliated margin. This is called the 
oviducal funnel. It leads into a short tube, the oviduct, with ciliated 
lining. The oviducts pierce the septum between the thirteenth and 
fourteenth segments and converge to meet in the middle line. Then 
they open to the exterior by a common median aperture, the female 
genital aperture, on the ventral side of the fourteenth segment. The 
ovaries produce ova by an elaborate process of oogenesis. The mature 
ova shed from the ovaries are received by the oviducal funnels 
whence they are passed into the ootheca (to be described later) through 
the oviducts. 

There are four pairs of spermathecae, situated a pair in each of the 
sixth,, seventh, eighth and ninth segments. Each spermatheca (Fig. 11.24) 
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is a flask-like structure having an expanded ampulla and a narrow neck 
or duct. The latter receives a short milky white diverticulum or caecum 
on the inner side. The spermathecae serve to store spermatozoa recei- 
ved from another worm during copulation. This function is performed 
by the diverticulum. The spermathecae open to the exterior by four 
pairs of spermathecal pores which are situated ventro-laterally in the 
grooves between the fifth and sixth, sixth and seventh, seventh and 
eighth and eighth and ninth segments. 


Copulation. The process of copulation has be « jtu Jf a 
Pheretima communissima. It occurs on quiet ; var '" n ! 'T/^ " 

mornings before sunrise during the months of July to O b lasts 
for a few hours. Two worms come together by their ve^»urfaces 1 
a head-to-tail position so that the male genital aperturej^each worm 
are opposite the spermathecal pores of the other (F, 1 I 5 The 

areas of the male genital apertures become raised into small papillae. 

The nan llae of each worm are inserted into the poster, ormost pair of 
the snermafhecar P ores of the other and the seminal fluid is shed into the 
spermathe a cae. C The° same process is repeated ^ ‘'- --am'ng snerm - 
thecal pores. Then the copulants separate. There is, thus, a reciprocal 

cross-fertilization in earthworm. 

Ootheca Formation Swed" income 

oUie n r°e b anhworms like Eisenia and R, hynchehni, c^rwhe" enough 
formed usually d^gthem^s of A ; guy-tto October.when.e., ^ 

moisture !s avaflaWe m the s°i 18 , a|so be ]aid in AprM> 

May Sd°Se!o Xca^mation begins some time after the copulation 
when ovaries have matured. 

. thp ootheca the gland cells of the clitellum 

For the preparation of the ™^£ t ' ail % rde iis to form a memb- 

produce a secretion which on exposu t^^ ^ |ajd in this girdle 

ranous girdle round the cbtel J“ m wh > h the gir di e surrounds. The worm 
from the female gemt a aperture wh, I. As thc gird , e passes ovcr 

now slowly withdraws itself tr ^ into itfrom the spermathecae. 

the spermathecal pores, sperm ‘ , the ep idermal elands of the 

The girdle also SZS Its ends now close 

anterior segments. The girdle is y mewhat ova) ootheC a (Fig. 1 1.26) 

g-fJSS. 1 “IS,' “oXHTK-W by .he - in lb. ~.b. 

Several oo.hecae are forme i after each mating as the sperms stored 
in the spermalhecae do not pass ou, all at one time. 

STh. «-d St s': 
StS. =ss • £r»SiS 1 

produce a new worm. Th g The young worm Flg . n,s«. 

S i: r iIke a t S h f ra^t r so h that e the°r P e i.‘no metamorphosis. 
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Economic importance 

The earthworms, apparently tiny and insignificant creatures, are of a 
great value to mankind. They work both for and against the human 
interest. 

I. The earthworms are beneficial in the following ways 

1. They improve the soil. This is done in many ways : 

(/) The soil is made porous by burrowing into it. The porous soil 
allows better aeration, quick absorption of water and easy penetration 
of roots. 

(if) The worms bring the fresh subsoil to the surface in a finely 
divided form. Darwin estimated that the earthworms bring to the 
surface about 5 ram. thick layer of new earth in a year This new finely 
divided soil forms an ideal medium for the germination of seeds. 

(Hi) Waste matter and faeces thrown out by worms have a good 
deal of manurial value. The faeces has more nitrate, calcium, magne- 
sium, potassium and phosphorus than the soil from which it is derived. 

(/y) Earthworms drag leaf fragments down into tbmr burrows and, 
thus, add organic matter to the soil. This organic matter forms humus. 

(v) The worms reduce both acidity and alkalinity of the soil, thus 
creating optimum conditions for plant growth. 

2. They serve as food for useful animals. The earthworms are led 
upon bv frogs, toads, birds, etc. which are useful to man in certain 
respects. The earthworms have been and are still eaten by some 
savages. 

3. They are employed in scientific study. The earthworm is studied 
as a representative of the Annelida by the students of Biology all over 
the world. 

4. They provide livlihood to many. As the earthworms are used in 
scientific st.;dy, many persons are engaged in their trade. 

5. They are used as fish bait The earthworms form an excellent 
bait for catching fishes with hooks. 

It. The eirthworms are harmful in the following respects : 

1. S >metiines they damage the small tender plants by eating 
them u:t. 

2. They spoil golf grounds where they are required to be killed by 
sprinkling suitable poisons. These grounds are required to be kept 
hard but are made soft by burrows of worms. 

3. Their burrows on sloping lands promote soil erosion during rainy 
season. 

4. Their burrows in the banks of irrigation channels sometimes 
cause leakage of water. 

5 1 hey a Iso' serve as an intermediate host for the parasites of some 

useful anim Is, e g the tape worm of chickens and n. matode of pigs. 

On the whole, the earthworm is more beneficial than harmful. 
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Phylum 
Class l 

Family I 
Genus I 


Annelida 
Oligochaeta 

Megascolicidae 

Pheretima 


"tSTbody, poWed „d 

facilitate burrowing in the soil. • M the W alls of the burrow, 

epidermis further helps in this wo 3i g ensures sufficient food 

Habit of taking all sorts of dead organic matter en the 

everywhere. Fossorial and nocturnal of y gases in the 

predators. Thin moist skin e “ s P Hermaphroditism compensates 
absence of special respiratory or 8 - . crea P n g the rate of multiplt- 

for the lack of asexual reproduction by nc eas,ng while in unisexual 
cation. All earthworms are capable of paving egg ^ egg Pow „ 

animals only the females, i.e. /o P F ^ . incrcase the chances of 

of regeneration and a good degree ot sensm * 

survival. 

Classification. -l.j here comes from the 

The common Indian earthworm desenbed here 

behind the chiehu.. ^ ^ ^ 
®n Ca s U e g e m 'ms of‘m° C body and the clilellum extends over 

three (14 to 16) segments. h and 19^ 

Species I P. posthuma Because $ the pores on the 18th 

segment. 

TEST QUESTIONS brjef ootesoo 

1. What do you know about the habitat oi eurnwo 

following activities of th.s animal Respira tion and Regeneration 

Burrowing, Locomotion. Bwedtofc ■ of earlh worm and show how they 

2. Give an account of the extern* 

*" ^‘th^eSnomS -^^“"arlhworm ^ men(loD how it 

differs frournhat of the J uans^erse section of the earthworm 

4 Make a neat and labelled skcicu 

through the typblosolar region. jn , he hfe of an animal. Describe 

5 What role does the digeslive system play 

this system in Pheretima. circu l a ,ory system of earthworm How docs 

6 Give a brief account of the c r nd rabbit ? ... 

blood of this animal differ from t^ £ the various types ofnep 

— * - — 
Of this sy G siem and how ^^“"Laphrodite animal” Give a full account of 
the repr^u^t\ve™y^tem of any sMh ammal^you^have^siu^je^ . systera 0 f earthworm. 

-S*s^sss:«*r- 

-SSrwa- e — - - 

Spennatheca. 
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Periplaneta americana 

(The Cockroach) 


Cockroach is studied as an example of insects because it is easily 
available, harmless !o handle and of fairly good size for dissection. 
Moreover, it exhibits insect structure in a fundamental form as it has 
undergone little change or specialization since it was evolved. 

The cockroaches are typically tropical and subtropical insects but 

they have reached all parts of the world with the trading ships and have 
acclimatised themselves well in the new localities. Of the numerous 
species of cockroaches two are common in India, namely, Periplaneta 
americana and BJatta oriental is. The ad of these species differ from 
each other in size, colour and wings. Bl ma orientalis . is darker in 
colour and about 25 mm. long while Periplaneta americana is lighter 
in colour and about 38 mm. long. In P. om^ricana wings are present 
in both the sexes and extend beyond the posterior end of the body. In 
B. orientalis wings are rudimentary in the female and do not reach the 
hind end of the body in the male. P. americana is described here. 

Habitat 

Periplaneta americana , originally a native of tropical America, is 
now a cosmopolitan creature. It is usually found at places where there 
is warmth and food. eg. kitchens, hotels, bakeries, warehouses, grain 
markets, grocer’s shops, fruit stalls, railway wagons, ships, underground 
drains and the like. 

Habits 

Cockroach is nocturnal, i.e. it comes out to feed at night. It remains 
hidden in crevices and under various objects during the daytime. 
Eggs are laid in egg-cases or oothecae. It is omnivorous in diet taking 
all types of animal and vegetable foods. It eats bread, fruits, paper, 
cloth, leather and dead bodies of animals, even of its own fello.ws. It 
.finds its food by smell. Cockroach is cur sor ial, i.e. runs very fast. It 
is often quite difficult to capture a running 'cockroach. It can fly also 
but does so very rarely. It is unisexual and oviparous. The young 
cockroach hatching from the ootheca resembles the adult in structure 
and mode of life except that it is smaller in size and lacks wings. There 
5s no parental care* 
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External Characters _ . . . 

The cockroach (Fig. 12 . 1 ) has a Xr'" It" 

about 38X12 mm. The entire body js ; externally ^ ve ^ he / arioU 3 

plates or sclerites of chitin secreted by ^ not on i y protects the 

sclerites collectively form the exos f musc les. The body 

thorax and abdomen. 


HEAD 


COMPOUND E n 


^ANTENNA 


(K)ftEV/lNG 






MESOTHORAX^ 

\ At*. ‘ » 

; ft r 

ih Ad\ 


■ METALW 


uuauuM 


Fig. 12.1. A female cockroach in dorsal view 

m . , nf cockroach has somewhat pear-shaped outline 

X. Head. Th f a neks to the body with the broad side upwards 
and lies almost at right 6 f i Q f s i x embryonic segments. It is 

»„h ... ,bo,„ 

btbW b> a aboti ^ bt , a , llt segments are fused 

b«d .^“.b" “ U. 2Sfc? ,ta 

the head and , °™ CO ckroach), the vertex has at its middle 

vertex, In the nymph i (y ^- h di ides j t ; nt0 two epicranial plates, 
a A-shaped ep.cran.al suture. w hcad capsuIc splits at the epi- 

During moulting of the ^ ynl b P ^ omes ind istinct in the adult cockroach. 
Below the mtex^and coming the head in front are successively the 
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i ar oe frons, narrow rectangular clypeus and movable labrum. Cover- 
ing the sides of the head and lying below the compound eyes are the 
cheek sclerites or genae. At the back of the head capsule is a large 
aperture, the occipital foramen, bordered by an arched sclerite, th 

occiput. 


VERTEX 




EPICRANIAL 
SUTURE 

OCELLAR 
SPOT 


ANTENNA 


COMPOUND 

EYE 

ANTENNAL 

SOCK.ET 





MAXILLA Rjr 
PALP 7 


Fig. 12.2. Head of cockroach — front view 


(b) Sense Organs. There are two large, black, kidney-shaped 
I'nniDOund eyes situated dorso-laterally on the head, one on either side. 
Sl“v are often regarded us appendages of the first head segment. They 
are organs of sight, and will be described in detail under the sense 
organs. A~pair-of very long, slender, many-jointed, tapering filaments, 
called antennae, movably articulate in pits or antennal sockets on the 
irons close to the nocthes of the compound eyes. Kach antenna has 3 
■carts : a large basal segment called the scape, a short second segment 
termed the pedicel and a long many jointed flagellum. The antennae 
are considered to be modifications of the second head segment. They 
are the organs of touch and smell. Just above and internal to the base 
of each antenna, is a minute whitish patch, the fenestra. The fenestrae 
act as the photoreceptors. 

(c) Mouth-parts. These are the movably-articulated appendages 
surrounding the mouth. They include the labrum, mandibles first 
maxillae, second maxillae or labium and hypopharynx. They enclose a 
space, the pre-oral cavity. 



- T CETH 


Fig. 12.3. Mandible 
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(/) Labium. The labrum is a vertical rectangular plate movably arti- 
culated with the lower margin of the clypeus. - — — 

It forms the anterior wall of the pre-oral 
cavity and is also called the upper lip It 
serves to hold the food. It is a secondary 
derivative of the third segment of the 

head. 

(H) Mandibles. The mandibles articulate 
with the genae and lie on the sides of the 
mouth just behind the ' labrum. They are 
thought to be derived from the fourth ^seg- 
ment of the head. Each mandible (Fig. 

12.3) is a strong heavily chitinised append- 

fn 8 ner b edgi n8 Th two m a nd iblel ' s "ry e° cut and masticate the food by 

• lirTt Maxillae The first maxillae are situated on the sides of he 
(in) First Maxmae. mouth immediately behind the 

mandibles. They are regarded 
as the appendages of the fifth 
head segment. Each maxilla 
(Fig. 12 4) is biramous and 
consists of three parts the 
basal protopodite, the inner 
endopodite, and the outer 
exopodite. The protopodite is 
made of two joints : the 
proximal cardo and the distal 
stipes, set at an angle to each 
other. The exopodite is a 
long structure arising from the 
outer side of the distal end of 
the stipes. It is formed of five 
joints which bear fine bristles 
on them. It is also known as 
the maxillary palp. The end- 
opodite is itached to the 
distal end ol v stipes internal 
to the ma/v lary palp. It 
comprises two pieces : the 
outer hood-like galea and the 
inner claw-like lacinia. The 
latter bears bristles along the 

_ r ii. . 



Fig. 12.4. Maxilla 


in me the lacinia fits into a groove of the 
inner margin. When ^ by their lacin i ae a nd bring it to the 

galea. The maxil a are al s„ use d for cleaning the antennae and prolegs. 
111 (iv) Second Maxillae. The second maxillae lie behind 

ffiPSSf aCgTe ^ HnTt X o form abroad plate (Fig. 12.5). 
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This plate consists of three parts : the upper broad submentum, the 
middle small mentum and the lower prementum. The endopodites of the 
second maxillae are almost separate and are together known 

as the ligula. Each half of 
the ligula comprises two 
pieces : the inner smaller 
glossa comparable to the lacinia 
of tbe first maxilla and the outer 
largtr paraglossa comparable to 
the galea of the first maxilla. 

The exopodites are also separate. 
They are called labial palps. 
Each labial palp arises from a 
short projection, the palpiger, of 
the prementum and consists of 
three joints. The palps bear 
bristles and act as sensory orga- 
ns. They are smaller than the 
maxillary palps. The glossae 
and the paraglossae help in 
holding the food and pushing it 
into the pre-oral cavity. The 
second maxillae are the append- 
Fig. 12.5. Labium a g es c f the sixth head segment. 

They are together referred to as the labium or lower lip. 

(v) HypQpharynx. The hypopharynx, also called the lingua, (Fig. 12.6) 
is a median tongue-like structure hanging in the pre-oral cavity between 
the first maxillae. It bears the opening of the salivary duct. 

The mouth parts of cockroach are used in the mastication of food. 
They are, therefore, described as the chewing or mandibulate type of 
mouth-parts. 

2. Neck. The neck is a short, slender, flexible 
tube movably articulating the head with the thorax. 

It is supported by a few ring-like sclerites. It is 
merely an extension of an articular membrane and 
not a segmental region of the body. 

3. Thorax. The thorax consists of three segments: 
the anterior prothorax, the middle mesothorax, and 
the last metathorax. 

{a) Sclerites. Each segment of the thorax is 
covered by four sclerites. There is a tergum or Fig. 12.6. Hypopha- 
notum on the dorsal side, a sternum on the ventral r y° x « 

side and a pleuron on either lateral side. The tergum of the thorax, 
called the protergum or pronotum, is in the form of a large squarish 
shield which covers the neck and part of the head also. The meso- and 
metaterga are smaller and rectangular. The sclerites of each segment 
and also those of the adjacent segments are joined by thin, soft, flexible 
membranes, the arthrodial membranes. 
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the meso- and metathorax. 
Legs. AU the legs are 

similar in ' ilruC „ e m 
According to the seg n 
that bears them, they are 

called the P rot . ho ™ C £ 

mesothoractc and met 

5S? * 

S,««. TW 

with their respective seg 

meats between the sternum 

and the pleuron. Eacn 

leg (Fig- 12-7) is fonned 

of five joints arranged *n a 

Une. These are called the 
coxa trochanter, femur, 
UbUand tarsus. The coxa 
Vs a short and broao 

joint. It connects the^eg 

with the thorax, me 

^ a Sgular ry r U 

srss 

lt is the strongest part 

of the leg and bear 
bristles. Tne tibia is still 
longer and slendei r. 
also bears bristles- 
tarsus further consist ot 
five small movable joints, 

the tarsomeres, which 

bear soft pads, the 


TARSUS 



H5 


plantulaI 

R 


CLAW 


\ 

PULVJLLUS 
Fig. U.7. A leg of cockroach 


wmmsmrn 

the smooth and slipp > diQg t o their position, ar . tera j 

b y e a W nefwork of hollow veins or nervures^^ Th£y are not used m 

wings are narrow, thicK, w h 
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flight. The >re only protective in function and serve to cover the 
metathoraciv ,vings when the cockroach is not flying. They are conse- 
quently called the wing-covers or tegmioa. The hind wings are broad, 
thin, transparent and delicate. They form the real organs of flight They 
are kept folded like a paper fan beneath the tegmina, when not in use. 

4. Abdomen. The abdomen consists of ten segments in the adult, 
eleven in the embryo. It is broad in front but narrows posteriorly. 


.> (a) Sclerites. Each segment of the abdomen, like that of the thorax, 

is covered by foui sclerites : a dorsal tergum, a ventral sternum and 
two lateral pleura. There are ten terga but only nine sterna, the tenth 
sternum being absent. The eighth tergum in the male and both the 
eighth and ninth terga in the female are not visible as they are largely 
overlapped by the seventh tergum. The tenth tergum extends beyond 
the posterior end of the body as a deeply notched process. In the male, 
all the nine sterna are visible. In the female only the first seven sterna 
are visible. The seventh, eighth, and ninth sterna together form a 
brood pouch. The seventh sternum is produced backwards into a boat- 
shaped structure, split posteriorly into two parts, the gynovalvular 
plates or apical lobes. This forms the floor and the side-walls of the 
brood pouch. The eighth and ninth sterna are pushed forwards to 
form the anterior wall and the roof of the brood pouch respectively. 
The brood pouch has two parts : the anterior genital chamber or 
gynatrium and the posterior oothecal chamber. Fertilization and forma- 
tion of a case round the fertilized eggs take place in the blood pouch. 


(b) 


Appendages. The abdomen bears small appendages at its hind 

end only. These include a pair of 

anal cerci, a pair of anal styles and 

I H gonapophyses (Fig. 12.8). The cerci are 

many-jointed tapering appendages 
' corl -s arising from the antero-lateral corners 
-anal c tlie tenth tergum. They occur in 

both the sexes. They are actually the 
appendages of the vestigial eleventh 
segment. The styles are slender, 
unjointed processes projecting back- 

wards from the ninth sternum. They 

A » A A 



ANAL STYLE toTH TEF.GUM 

Fig 12.8. A portion of posterior 
region of a male cockroach- 
ventral view 


occur in the male only. The gonapophyses are very small, irregular, 
chitinous processes arising from the ninth sternum in the male and from 
the eighth and ninth sterna in the female. They surround the genital 
aperture and act as external genital organs. 


(c) Apertures. The anus lies at the hind end of the abdomen 
between two chitinous plates, the podical plates or paraprocts. The 
latter probably represent the remains of the eleventh abdominal segment. 
The genital aperture is situated just below the anus in the male and on 
the eighth sternum in the female. 

■ ( d) Stink Glands. The intersegmental membrane between the 5th 

and 6th abdominal terga is depressed on each side to join a stink gland. 
The stink glands produce a secretion with a characteristic smell. 
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Sp Tacles small slit-like apertures, the stigmata or 

spiracles on the lateral sides of the body. Of these, the first two pans 
are larger and lie in the thorax while the remaining eight pairs are 
smaller and lie in the abdomen. The anterior pair of thorac.c spiracles 
are situated n the membrane in front of the mesothorax between bases 

" ,h a in d fr P on[ S S 'Z thl SM 

as. Jbfffsa: aarjasc 

adjacent sterna The walls or m ^ c , £s or water . T he sp.rac es 

UaTinto the respfralory tub'es. They are controlled by special muscles 
which can open or close them as desired. 


SPrNB 


SETA 


OPENING OP 
DERMAL GLAND 


EPI CUTICLE 


exocuticle 


ENDO CUTICLE 


hypodermis 


basement 

MEMBRANE 



T=2— DUCT OF 

DERMAL GLAND 

LAMELLAE 


DERMAL GLAND 


TRICHOGEN CELL 
Fig 12.9. V.S. through the body-wall of cockroach 

Body- wall hodv-wall consists of three layers: cuticle, epidermis 

(a L S mu\ U and Th basement membrane (Fig. 12.9). The cuticle is the 
{Hypodermis) and b differentiated into three regions : an outer thin 
outermost layer i middle thicker ex0 cuticle of tough pigmen- 

epicuticle of waxy natu . .. k en docuticle of soft laminated chitin. 

ted chitin and an XanfsTack exocuficle and are, therefore, flexible. 
The articular membrane. layers Q f columnar cells which secrete 

The epidermis consists f < « l membrane limits the body-wall in- 
the overlymg cuticle. feed fa # homogene0 us intercellular substance. 

^The body-wall has many outgrowths including the hair-like movable 
setae and the stouter immovable spines. 
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(6) Functions. The body-wall forms a protective wrapper for the 
delicate internal organs. The cuticle checks the loss of water by 
evaporation and provides a hard surface for the attachment of muscles. 
Outgrowths of the cuticle act as sensory, feeding* filtering, copulatory 
and locomotory organs. 


CYTOPLASM 




CELL WITH 
5ACTFLOIDS 


■NUCLEUS 


..Vo" O' 


Coelom 

The true coelom is greatly reduced in cockroach. It is represented 
by the cavities of the reproductive organs. The space round the internal 
organs or the perivisceral cavity is full of blood and is called the 

haemocoel. It is an expansion of tho 
blood-vascular system and will be 
described in that system. 

Fat Body or Adipose Tissue 

A tissue of large white cells 
derived from the mesoderm almost 
completely surrounds the viscera. 
It is held in place by branching 
tracheae with which it is supplied. 
It is called the fat body or adipose 
tissue (Fig. 12.10). It contains not 
only fat but also protein and 
glycogen. It constitutes the reserve 
food-material. The food is released 
into the blood for use when required. 
Certain cells of the adipose tissue 
contain nitrogenous waste matter in the form of uric acid. Still other* 
harbour symbiotic micro-organisms (bacteroids). 




,o /.V-vS , 'S>, 


r*/.c 
- - * 


— CELL WITH 
i OOD RESERVE 


i E MATTER 


Fig. 12.10. Section of a lobe of 
fat body 


Muscles 


Muscles form a considerable part of the body of cockroach. The 
head and legs are almost completely full of muscles. The muscles are 
abundant in the thorax also. The abdomen is, however, less muscular. 
All the body-muscles are striated in nature and provide quick move* 
ments. This is one of the factors responsible for the remarkable success 
of the insects. The muscles do not form a uniform layer inside the 
body-wall as they do in the earthworm. They are arranged in bundles 
which move particular parts of the body. They are attached to the 
inner surlace of the skeleton unlike the vertebrate muscles which arc 
external to the skeleton. The most conspicuous muscles are those which 
move the jaws, legs and wings. 

Locomotion 


Cockroach has a double mode of locomotion, running and flying. It 
runs on the tarsi (plural of tarsus) of its legs. In the act of walking or 
running, the prolegs pull the body forwards and the metalegs give it a 
push from behind. At a time, three legs are kept on the ground and the 
other three are carried forward. The pro- and metalegs of one side 
respectively pull and push the body which is supported on the mesoleg 
of the opposite side. During this action, the other three legs are placed 
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on the ground a little ahead and the first three legs are earned forwards 
Bv the reoetition of this process the animal progresses forwards. The 
olantuIae P pulvilli and claws prevent backslippmg by giving a grip over 
fhe substratum The claws function on the soft and rough surface while 

the pads work on the hard slippery places. 

h flips bv beating the hind-wings with special muscles. 

s- 

vertical. At ea h body up w a rds and forwards. During flight 

„ g ?i ’ S .. “rilh« »£='» b "' d » ”■ 

Flight is, however, very rare in cockroach. 

use in growth, maintenance and production °f energy. 


antenna 

SALIVARY 


CEREBRAL GANGLIA 


SALIVARY 

GLANDS 


HEPATIC CAECA 
v GIZZARD 
MESENTERON 


MALPIGHIAN 

TUBULE 



VENTRAL NER VB 
CORD 


RECTUM 


rr oil Digestive and nervous systems of cockroach 

Fig.12.ll- Digestive rnn cicts of a long tube of 

?« e S t y e S ‘n“d ,S th C e°^limeniary canal, and some digestive 

varying diameter, termeu 

glands associated witn n. cana] compr ises three regions, 

1 Alimentary Canal. Th mid-eut or mesenteron and the 

namely, the fore-gut fo' e and hind-gut are ectoder- 

faind gut or proctodae“m ut Of with the exoskeleton. 

mal and are lined l y w i t hout cuticular lining. 

mid-gut is endode t cons i sts of the pre-oral cavity, pharynx, 

(0 Fore gUt - J Bfezard or proventriculus. The pre-oral cavity, 
oesophagus, crop ' «•> «' h labr u m and clypeus, postenerjy by the 
bounded anteriorly by mandibles and first maxillae. There is a 

^ftchiUnouslS on' the inner surface of the labrum. Th, is called 
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the epipharynx and bears the organs of taste. The hypopharynx hangs 
into the pre-oral cavity a little in front of the labium. It bears the open- 



o 
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i»» of .he .Mte, dW J 1 ” S£h"» rvSSSig 

cavity. The mouth leads into a tubular P^y™ The latter 

upwards and then bends bac wa a lar t < n j n -wa 11 ed sac, the 

passes through the neck and expan ax and tirs . ^ j abdominal 

crop, which occupies tbe whol sma p gizzard with thick muscular 

segments. The crop is fo^^ ty infolding of its wall, 

walls. Its lumen is considerably r for grinding the food. Behind the 
The folds be >r six hard conical teeth f g | bristles which act as 
teeth, the folds of the gizzard are beset with to^st end Qf the 

gizzard projects into the m.d g t ^ tube lined with tall 

(ii) Mid-gut. The m i d - g at is a . ar There are seven or 

endodermal cells which are 8 h tic or mesenteric caeca, at the 

eight blind tubular out-growths the area of the mid-gut. 

anterior end of the mid-gut. h y cter muscle sometimes called 

dSS.'te of te«. - 

frouTtne hind-gut. short narrow ileum, a long 

(if/) Hind-gut. The hind-gut by a <lit-lik« anus 

colon and a short broad rec u 1 * between t wo podical plates. A laige 
which lies below the tenth tergum b * j processes, the Malpighian 

;rr oS-TA * re e " y 

of ,b. fore : g«> c cte. of J — o. -Jgte *£^32 
ing from inside, are cuticle epithelium, o setnu ^ midgu t and the 
muscles, circular muscles and connect. » former lacks the 

hind-gut also have the same aycrs e^ept layer of circular 

cuticle (Fig. 12.20) ® nd “ scles and ,he basement membrane 

muscles between the longi elands of cockroach include the 

Digestive Glands. The dige lining of the mid-gut. There 

salivary glands the Hepatic caeca ia ^ ^ * ithe ^ side of the crop in the 
are two pair> of salivary g a * P ^ 13 ). Between the two glands of 

pro- and mesothorax (Figs. 12.11 to From thg glands ot each 

each pair lies a sac-like salivary r P i fe) , ow of the opposite side to 
side arises a duct which ^ 1 ^ ^ ^ two receptacles also join 

form a median due . ^ CLftNDULAR portion salivary clank 
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Fig. 12.13. Salivary 


glaoirfeceptacles and their ducts In cockroach 
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to form a median duct. The two median ducts unite to form a common 
salivary duct which passes forwards through the neck and opens on the 
hypopbarynx in the pre-oral cavity. The secretion of the salivary 
glands is neutral and is called saliva. It contains a starch-splitting 
enzyme, amylase. The hepatic caeca and the lining of the mid-gut 
produce a juice which contains many enzymes. 

Physiology of Digestive System. The cockroach, as pointed out 
earlier, is omnivorous. It takes all types of animal and vegetable matter 
though prefers sugary and starchy substances. The food is located by 
the sense of smell whose receptors lie on the antennae and palps. It is 
masticated with teeth of the mandibles. The laciniae and galeae of the 
maxillae and elossae and paraglossae of the labium hold the food during 
the act of mastication. The labrum and the labium prevent the loss of 
food from the jaws. During chewing, the food is mixed with saliva 
brought into the pre-oral cavity by the common salivary duct. Amylase 
of the saliva converts starch of the food into sugar. Saliva also moistens 
the food and the mouth-parts to assist chewing and later swallowing. 
The food so masticated is pushed by the maxillae and the labium into 
the pre-oral cavity from where the food enters the mouth and reaches 
the crop by peris talsis. Digestion of food started in pre-oral cavity by 
the saliva conbnu s"Tn" the crop. Enzymes from the mid- gut also come 
into the crop through the gizzard for the digestion of some fats and 
proteins here. In the gizzard the food is further masticated by the chiti- 
cous teeth and is then filtered by the bristles. In the mid-gut food 
meets the seen ti*m from its lining and the hepatic caeca. The secretion 
contains many enzymes like proteolytic enzyme which converts proteins 
into amino-acids, lipase that breaks tats into ^iatty acids and glycerine 
and amylase which completes the digestion of starch. The digested food 
is absorbed by the cellular lining of the mid-gut and hepatic caeca. 

In the mid-gut a peculiar phenomenon takes place. This is the 
formation of a perit rophic membra ne round the food for the protection 
of the delicate lining of the mid-gut from abrasion by hard indigestible 
particles in the food. This peritrophic membrane is a thin chitinous 
tube formed of the secretion from the funnel-like extension of the 
gizzard round the food. This membrane is fully permeable to both 
enzymes and digested food. Traces of this membrane are sometimes 
seen round the faecal pellets. 

The indigestible food passes into the mid-gut. Here, especially in 
the rectum, water is absorbed from the indigestible residue which 
changes into almost solid faeces. The faeces is temporarily stored in 
the rectum from where it is passed out at intervals. 

The absorbed food is distributed to all parts of the body by the 
blood. It is partly assimilated and oartly stored in the fat body present 
in the haemocoel. 

Respiratory System (Fig. 12.14) 

The respiratory system provides oxygen to the body and removes 
carbon dioxide from it. 

Respiratory organs. The system consists of a network of white shining 
air tubes or trachea which communicate with the exterior by ten pairs of 
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nous lining. To prevent collapsing of . ^ T X 'XicuTar lining 
strengthened by a spiral band of cl ntm. c 

T^ipmata^lead in to larger tracheae which branch and rebranch to 
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Fig. 12.15. Trachea of cockroach -magnified 


Fig. 1 2.14. The trachea! 
system of cockroach *,«phpoles The tracheoles lack 

from a network of fine tubes th t • surroUD(1 the various 

chitinous lining (Fig' 'Jne rate into the living cells. The air can, thus, 
organs and tissues and penetrate into respiratory activities, 
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tracheoles. From the fluid, oxygen diffuses into the cell. Here the 
oxygen is consumed in the oxidative processes of the cell. With the 
result, an oxygen gradient is set up between the cells and the tracheoles. 
The tracheoles in turn draw oxygen from outside through the stigmata. 

When the cockroach is running, its oxygen requirement increases- 
and special respiratory movements of the abdomen start. These raove “ 
ments consist of alternate expansion and contraction of the abdomen 
and are caused by the tergostemal muscles. This brings about inspira- 
tion and expiration of air respectively through the stigmata The first 
thoracic and the first abdominal stigmata remain- open' all the time 
whereas the remaining stigmata open during inspiration and close du- 
ring expiration. During active respiration, fluid from the tracheoles is 
drawn back into the cells due to increase in the osmotic pressure ot the 
cells. This enables the air to go deep into the tracheoles and reach the 
cells directly, thereby increasing the efficiency of respiration (rig. 
12.16 B). 

The oxygen absorbed by the cells oxidises the food to release energy 
which the cockroach uses in its activities. The oxidation also produces 
water and carbon dioxide. Carbon dioxide diffuses into the surrounding 
blood from where it is got rid of by diffusion through the cuticle which 
is permeable to it. Some carbon dioxide is eliminated through the 
tracheae during expiration. Water is retained in the cells as cockroach 
cannot drink it. 

It is a noteworthy point that the blood does not take any part in the 
tracheal respiration. This is because the air can directly reach all the 
tissues of the body through tracheoles. 

Circulatory System 

The circulatory system is meant for the transport of materials from 
one part to another in the body. In the cockroach, like other insects,, 
this system is of the ‘open’ type as the blood does not circulate in closed 
vessels but fills the body-cavity which is consequently called the haemo- 
coel. There are three main parts in the circulatory system of this 
animal : haemocoel, heart and blood. 

I. Haemocoel. The haemocoel lacks the epithelium of a true coelom. 
It is divided into three compartments (Figs. 12.12 and 12 20) by two, 
muscular horizontal membranes : the dorsal diaphragm or pericardial 
septum attached laterally to the terga and the ve ntral d iaphragm attached 
laterally to the sterna. Both the diaphragms dre perforated by small 
apertures. The pericardia! septum is slightly bulged upwards. There 
are a series of paired triangular muscles, the alary muscles, attached'to 
the pericardial septum by their broad sides and to the terga by their 
pointed ends or vertices. The bases of the two alary muscles of each 
pair meet in the median line. The three components of the haemocoel 
are known as the pericardia! haeraoc?fet~5r^Ttfe' dors *1 sinus, the 
perivisceral haemocoel or the middle sinus and the sternal haemocoel! 
or the veutral sinus. The mid-lie s : nus is very laige as* it contains most 
of the viscera?'" The dorsal and ventral sinuses are small as they only 
have the heart and the nerve-cord respectively. 
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aorta 
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2 Heart The heart (Figs. 12.12, 12.17 and 12.18) lies [in the peri- 
cardia” haem Joel or dorsal sinus. It is a long, muscular, pulsatile 

tube extending along the mid- 
dorsalline just beneath the terga 
of the thorax and abdomen. It is 
differentiated into thirteen cham- 
bers; three in the thorax and 
ten in the abdomen. Its posterior 
end is closed while the anterior 
end is continued forward as the 
anterior aorta. At the anterior 
end of each chamber there is a 
pair of valves which only allow 
the forward flow of blood. At the 
posterior side of each chamber, 
except the last, there is a pair ot 
small holes, the ostia, one on 
either side. The ostia are guarded 
bv valves which allow the blood to 
pass only into the heart from the 
dorsal sinus. 

3 Blood. The blood is colour- 
less and is called haemolymph. It 
consists of a fluid plasma contain- 
ing free blood corpuscles or 
haemocytes, which are of two 
types : proleucocytes and phago 
cytes. The former are small in 

s art’s JTiSs-y-jr 

it as it plays no role in respiration. 
It performs four important iunc- 
tions. It absorbs food from the 
alimentary canalMd distributes i 
to the rest of the body. If brings 
nitrogenous wastes from all parts 
of the body to the excretory organs 
for elimination. It carries f h 
defensive phagocytes to the 
„ places of infection where they “t 

El 1118 A few chambers of the the foreign germs and d ‘ s ‘° ® 

Sl'rt of i^ckroach shoeing the ostU r £ ing tissues. It transports secre 

^ ductless elands to the required organs. 

tions of Ithe ducues* k . , in heart 

Circulation of Blood. t t^anterTorend of the heart, 

by rhythmic contractions of its wan. 



Fig. 12 17. Heart of cockroach 
r After Grove and Newell) 
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it enters the anterior aorta which pours it into the head sinuses. From 
the head sinuses the blood flows into the perivisceral and sternal 

haemocoels. Now the alary 

muscles contract. The pericardial 
septum becomes flat. This in- 
creases the capacity of the peri- 
cardial haemocoel. The blood, 
therefore, flows from the peri- 
visceral haemocoel into the peri- 
cardial hoemocoel through the 
perforations of the pericardial 
septum. On relaxation of the 
alary muscles, the pericardial 
septum bulges upwards. This 
presses the blood which enters 
the heart through the ostia from 
the pericardial haemocoel. 



Fig. 12.19. Haemolyraph (Blood) of 
cockroach 
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Fig. 12,20. T.S. through the body of cockroach 


Excretory System 

The excretory system is meant for the elimination of nitrogenous 
waste materials from the body. This system is very simple in cock- 
roach. It consists of a large number of very fine, yellowish, thread-like 
processes, the Malpighian tubules, which open into the anterior end 
of the ileum (Fig. 12.12). They are arr anged in six groups, each group 
having about fifteen tubules? The Malpighian tubules arise as outgrowth* 
from the ileum and are, thus, ectodermal in nature. They float freely 
in the haemolymph of the haemocoel but do not open into it, being 
blind at the free ends. Each tubule is formed of a single layer of 
gjandular^lls surrounded by a basement membrane. The cells have 
characten5tft^brush border (Fig. 12 22). The glandular cells ; of the 
Malpighian tubules extract water, salts and nitrogenous wastes, chiefly 
in the form ot salts of uric acid, from the haemolymph and pass them 
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Into the lumen of the tubules. From here the extracted f» ater,al s 
move in solution, called urine, towards the ileum. The cells of the 
more proximal part of the tubules absorb water _and ce rtam inorganic 
salts from the urine. This results in the precipitation of uric acid m he 
lumen of the tubules. By gentle contractions of the tubules, tne 
pr“1pitated mass is carried info the ileum. In the hind-gut more water 
is absorbed from the precipitated mass so that almost solid uric acid 

finally thrown out with the faeces. 

HEAD-*— — AORTA* HEART 

SINUSES | 

'V DORSAL SINUS 

\ ] 

"x MIDDLE AND 
\ VENTRAL 
\ SINUSES 

Fig. 12.21. Plan of blood circulation In 

cockroach pig # J2.22. T.S. of a Malpighian tubule 

Th. eliminati on .( n itt°g.n.;, 

STm”— drink 

, nm . uric acid i3 stored in special cells of the fat body and remains 
thefe throughout the life of the cockroach. This is excretion by storage. 



co-ordinates the working of all 

is similar to that of earthworm in 
main parts : the central nervous 
autonomic nervous system. 


Nervous System 

The nervous system controls and 
parts of the body. 

The nervous system of cockroach 
its general plan. It comprises three 
system, peripheral nervous system and 

V C r e compo^nr* ^aoeiophagea^or 

JraSuanA .“ft ' Zt hlal 

supraoesophageal gangiio ^ thc bases of the antennae. 

above the oesophagus almost oetwe by (he fusion of thre6 

It is a white bilobed “^oesophageal ganglion is a lelatively small 
pairs of ganglia. 1 £ the P he f d but b eneath the oesophagus. It, 
white mass. It a |so > ie * • of three pairs of ganglia. The cucum- 
too, is formed tb ® tuS short bro ad bands which encircle the 

oesophageal conDec *pthe supra- and suboesophageal ganglia. AH these 
oesophagus oonnecting t sup ^ ne rve-riiig round the oesophagus in 
three structures togethc. nerve . cor d starts from the suboesophageal 
the head capsule. The ner thorax and abdomen beneath 

rape “ i, " y c *“‘ d 
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girothoracic ganglion, the mesothoracic ganglion and the meta thoracic 
- ane iion. The abdominal ganglia lie in the first, second, third, fourth, 
sixth and seventh segments of the abdomen. The throracic ganglia of the 
nerve-cord are formed by the fusion of a pair of ganglia each except the 
last abdominal ganglion which is formed by the fusion of a number of 
•ganglia (probably three pairs). 



2. Peripheral Nervous System. The peripheral nervous system (Fig. 
12.23) consists of the nerves which arise from the central nervous 
system and go to the various parts of the body. Three pairs of nerves 
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arise from the brain. These are called the optic, antennary and 

labrofronUfcanerves The first two innervate the compound eyes and 
iaDroirontamnerves . third soon divides into two : the labral 

antennae rRpecti ^ e y. d h fronta i connective which runs 

rwart'and^rw ud the med.an line to join the frontal ganglion of 

the sympathetic nervous sys t e “ ■ “ °« ^, | a fy , and labial to the 

three pa.rs of nerves ; pairs of nerves arise from 

mandibles, ma ^ l la f.. innervate the parts of their own segment, 

each thoracic ganglion ano mnerv * £ ir of nerves to the first 

The meta ' horaa,C f an |ach’ of the first five abdominal ganglia give off 
abdominal segment. E . branches. These nerves run 

a pair of nerves, each v 8 . d fourth fifth aru j sixth abdomi- 

backwards and supply the ®econ , t ’ (j gives off three pairs of 

^ves 8 “o nt the seventh^ efiM 2ln?h segments. It also sends a 

thick nerve to each cercus . 

. „ Cvc.om tFia 12.24). The sympathetic or 

3. Autonomic Nervous includes a few ganglia and con- 

stomatogastric nervous i sy situated on the oesophagus just 

nectives. There is a fronts s ga “ 8 n „ ected with the brain by a branch, 
•in front of the brain. It the i a b r o-frontal nerve. From the 

called the frontal connect £ the frontal nerve, passes backwards 
frontal ganglion, a « dun ““ , ■ d the brain. From the occipital 

and bears the occipital ganglion Dei ^ ^ Qne mediin . The lateral 
ganglion arise three "® r ves, endocrine glands). The median 

nerves meet the corpora ca oesonhagus and joins the ingluvia! 

nerve runs backwards o' ver ^ Ffom P the ing \ uv ial ganglion, a pair of 

fervefprocecd backwards over'the alimentary canal. # 

Sense Organs nerceiving the external stimuli. The 

The sense organs are mean fin p^ ^ po g pu)ar sen ses, namely, touch, 

cockroach possesses org receptor-organs for touch, taste, 

taste, smell, hearing an are called se^silbe. A ffcnsilla 

smell and hearing are quite simp cell assoc i ate d with a fine 

(Fig. 12.25) consists of a bipo ' y al y ce U, the tricbogen cell The 
pointed seta secreted by a large ep g of whjch i( js m0 vably arti- 

seta projects from a membrane. One end of the sensory 

culated by a tbl ? n "f' cuticular membrane while the other is 

cell is connected with the cu passes into the cen tral nervous 

continued as a fine nerve ibre contact , wjnd> etc. stimu- 

system. Movement o and transmlts a suitable senory 

lates the sensory c wb '„ ous system. The tactile (touch) sens.llae 

impulse to the cea,ra ' TC are ^specially plentiful on the antennae 
are found all over the bod, _ h gus ( a t 0 ry (taste) sensillae are present 

tibiae of legs and anal cerci I neg bja j ps ^ on thc epipharynx. 

on the tips of the “axil a y an the Antennae and the palps. The 
The olfactory (smell) sensillae lie o from a distance while those 

sensillae on the antennae perceive quarters. The auditory 

on the palps perceive it only iron* 
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(hearing) sensillae are located on the anal cerci. The antennae, 
perhaps, also bear sensillae for humidity and temperature. ^ 
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Fig. 12.24. Sympthetic nervous system and 
endocrine glands of cockroach 


The compound eyes are 
the organs of sight. They 
are large, black, kidney- 
shaped structures situated 
dorso-laterally on the head. 
They are covered with trans- 
parent cuticle forming the 
cornea. Each eye is composed 
of about 2,000 distinct units 
known as the ommatidia. 
The ommatidia are radially 
arranged so that the outer 
surface of the eye is much 
broader than the inner one 
(Fig. 12.27). All the omma- 
tidia have a similar structure. 
Each ommatidium is repre- 
sented on the surface of the 
eye by a hexagonal part of 
the cornea. This is biconvex 
in form and is called the 
corneal lens or facet. (Fig. 
12.26). Just inside the 
corneal lens are two clear 
epidermal (hypodermal) cells 
which secrete the lens. These 
are called the corneagen cells. 
Behind the corneagen cells 
lies a transparent conical 
structure, the crystalline cone, 
with its base directed out- 
wards. The crystalline cone 
is secreted by cone cells which 
surround it on ail sides. All 
the above structures collec- 


tively form the focussing or dioptric part of the ommatidium. 
Just behind the cone is a long, narrow, cylindrical body, the rhabdorae. 
It is secreted and surrounded by elongated cells, the retirulae. The 
inner end of each retinula is continued into a nerve-fibre which joins 
the optic nerve. The rhabdome and the retinulae form the receptive 
part of the ommatidium. The ommatidium is bounded internally by 
a basement membrane. This membrane is pierced by the nerve-fibres 
of the retinulae. 

Each ommatidium is ensheathed by densely pigmented cells which 
optically separate it from the adjacent ommatidia. There are two sets 
of these pigmented cells : the iris pigment cells round the dioptric part 
and retinal pigment cells round the receptive part. 


193 


PfcRIPLANETA AMERICANA 

Durine bright light the dioptric parts of the oraraatidia are complet- 
ely Soped by the pigment cells. The ommatid.a are. thus, optically 
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Fig 12.25. A sensilla of cockroach Fig. 12.26. L.S. of an ommatidlum 

separate from one another. With the result, only those rays of hght, 

which enter f n axis* corneal lenses 

running parallel 

come to a poiDt on its 
The rays, which enter ob hquely, 
fall on the pigment cells and 
are absorbed. Thus, the imag 
seen by the eye is formed by 
several points of light lying side 
by side, one in each omm (£ l ~ 

dium. Such an image is called 

the apposition or mosaic lmagv 
and the eye is said to have a 

mosaic vision. 

During dimlight the iris pig" 
ment cells and the retinal pig- ^ 

SSL SdSffi p?S"r «" “» ,,y ’ 
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Fig. 12.27. V.S. of thi compound 
eye of cockroach 
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of light entering several adjacent corneal lenses can reach the same 
rhabdome. Thui, the image seen by the eye is formed by overlapping 
points of light. Such an image is called the superposition image. Th s 
image is not as sharp as the apposition image. But objects give better 
impressions with superposition image in dim light as no light rays ar 

absorbed. 

In cockroach the pigment cells are not retractile and it sees only by 


apposition images. 

Endocrine System (Fig. 12.24) 

The endocrine system regulates certain phenomena by chemical 
secretions directly released into the blood. These secretions Imown 
as the hormones and the glands producing them as the ductless or 
endocrine glands. The endocrine glands of insects include the inter- 
cerebral glands, corpora allata, corpora cardiaca and prothoracic glands. 

1. Intercerebral Glands. The intercerebral glands are secretory cells 
within the brain between the two cerebral ganglia. They secrete a hor- 
mone, the “brain hormone’', which activates the prothoracic glands 
situated in the prothorax to release their hormone called ecdyson. The 
latter controls the growth and moulting of the nymphs. The prothoracic 
glands degenerate after metamorphosis. 

2 Corpora Cardiaca. The corpora cardiaca are a pair of slightly 
elongated bodies situated on the sides of the oesophagus just behind 
the brain. They secrete a growth hormone. 


3. Corpora Allata. The corpora allata are a pair of small rounded 
bodies lying behind the corpora cardiaca. They secrete a juvenile hor- 
mone in the Dymphal stages. This hormone causes retention of the nym- 
phal characters and checks the appearance of adult characters. In other 
words, it keeps the insect young, hence its name. In the last nymphal 
form, the corpora allata become inactive, thereby resulting in the 
absence of the juvenile hormone. The absence of this hormone permits 
the appearance of adult features. In the adult, the corpora allata, again, 
become active and secrete a gonadotropic hormone, which regulates egg 
formation and development and functioning of the accessory sex glands. 
In the virgin female adult cockroach, the corpora allata also control the 
production of volatile sex attractants. which are picked up by chemo- 
receptors of the male’s antennae. 


It is interesting to note that the endocrine glands are innervated by 
the sympathetic nervous system as in the vertebrates. 


Reproductive System 

The reproductive system is meant for the propagation of the species. - 
The cockroach is unisexual with a distinct sexual dimorphism. The 
females can be distinguished from the males by the short and broad 
abdomen, presence of brood pouch, and absence ot anal styles. 

1. Male Reproductive System (Fig. 12.28). The reproductive organs of 
the male cockroach are a pair of testes. They are elongated lobed 
structures situat'd dorso-laterally in the fourth and fifth abdominal 
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Gegments. They are embedded in the fat body. The testes are full of ' 
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Fig. 12.28. Reproductive s>stem of male cockroach 
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sperms and are clearly visible m the 
young specimens. In the adult Ihey 
become nonfunctional and reduced. 
From the hind end of each testis there 
starts a fine duct, the vas deferens. The 
two vasa deferentia run backwards and 
inwards to open into a wide median 
duct, the ductus ejaculatorius, in the 
seventh segment. The opening of the 
vasa deferentia into ductus ejaculatorius 
is masked by a large structure called 
the mushroom or utricular gland. This 
gland consists of a number of blidd 
finger-like diverticula of different sizes 
opening into the anterior end of the 
ductus ejaculatorius. The diverticula are 
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Figi 12.29. Mushroom gland 
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nf three tvoes * peripheral long tunnies, antero-meuiau ----- 

2nd S«SSed£f Short but bulbous tubules known « the sen. tad 

vesicles. The ductus ejaculatorius runs backwards and opens out at 
the male genital aperture situated below the anus. A large, white, 
SSaSS. "sac-like" conglobate or phallic gland 

ejaculatorius. It tapers posteriorly to form a phallic duct th t p 
out near the male genital aperture. 

The male genital aperture is surr ound*l by .*n» ^gularc^ous 
process, the gonapophyses or phallomeres (Fig- * 3 )• 
copulation and, thus, act as the external genitalia. 


DAOJLATORY C-UCT 



A 



Fig. 12.30. Male gonapophyses. 

The testes produce sp:rmatozoa, which are brought by the vasa, 

defe entia m?o P the seminal vesicles for storage. The « 

each seminal vesi.le stick together to .form a single .bundle Thu 

bundle, along with some secretion of the short ^ bul f es r ° f ‘ he if known 
gland, gets enclosed in a Wall. The structure, thus formcd ;,* k T“ 
as the spermatophore. The wall of the spermatophoreisone-layeredto 

begm with, but later becomes three-layered (Fig. 12.31). ine rn^r 
layer is formed of the secretion of the long tubules of the y umcuUr 
gland. During copu.ation, the spermatophore with a single-layerea wan 


y '' SPERMATOZOA 



Fig. 12.31. spermatophore. A— Surface view, B— in section. 

travels down the ejaculatory duct, where the middle layer is added 
around it from the secretion of the ejaculatory duct itself. Finally, 
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the spennatophore is attached to the spermathecal papilla of the female 
where the secretion of the phallic gland is poured over it to form the 
outer layer. A fully formed spermatophore is a pear-shaped capsule, 

about 1*3 mm. in diameter. 

2. Female Reproductive System (Fig. 12.32) The reproductive 
organs of the female cockroach are a pair of ovaries. They He 
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pjc 12 32 Reproductive system ot a female cockroach 

, ^ T fifth 2nd sixth abdominal terga, one on each side, 

beneath the fourth, ° and arg embedded j n the fat body. Each 
They are yellowish in ^ lubuIes or ovarioles. The posterior end 

ovary consists of eight t o aJ)d conta j ns the most mature egg. In front 
of each ovariole de velcping eggs, which gradually diminish in size 
of it is a row of de ' P The ovarian tubules of each ovary taper 

towards the anterior ™j oijn a s i„g] e thread, which is attached l to the 

anteriorly and urn , to ^ . jn to fonn a wide oviduct. The two 

tergum. ba ckwards, downwards and inwards. They unite to 

oviducts proceed vagina or common oviduct, which runs back- 

form a median »ju be, ^ ^ brood pQ ^ at thc fema le genital apertup* 

wards and op antTIies oTTtbe eiglitb-^tcrnuHrr^herc 

Tbe latter is c j u b-sbaped sacs, thc spermathecae, of unequal size. 

They SSrc°sVcnn8 received from the male during copulation. The two 
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spermathecae open by a- common duct into the genital chamber on a 
small spermathecal papilla. A pair of large branching colleterial glands lie 
in the last three or four abdominal segments. The left colleterial gland 
is larger and opaque while the right one is smaller and transparent. 
The two colleterial glands open into the upper region of the genital 
chamber by a common aperture. The secretion of these glands provides 
material for the formation of the egg-case or oo theca round a group 
of eggs. 

The 7th, 8th and 9th sterna of the female are modified to enclose 
a space, the brood pouch. The 7th sternum is produced backwards to 
form a boat-shaped structure, split posteriorly into two parts, the 
gynovalvular plates or apical lobes. This structure forms the floor 
and side walls of the brood pouch. The 8th and 9th sterna form the 
anterior wall and the roof of the broodpouch respectively. The 
brood pouch has two regions : the anterior genital chamber or gyna- 
trium and the posterior oothecal chamber. 

The genital aperture is surrounded by three pairs of symmetrically 
arranged, plate-like, chitinous processes, the gonapophyses. The latter 
serve to hold the ova as they are laid and also aid in the formation of 

an egg-case or ootheca around them. They, thus, act as the external 
genitalia or ovipositor. 

Copulation. Copulation in cockroach occurs at night in spring and 
summer. It takes place about a week after the cockroaches become 
adults, z.e., undergo last mould, and lasts for about an hour and a 

C0 P u ^ al i° n » the male and female cockroches bring their 
hind ends close together, the heads facing in the opposite directions. 

e gonapophyses tphallomeres^ of the male open the gynovalvular 

plates ol the female and get interlocked with those of the female. 

lde ma e genital aperture is brought very near the female’s spermathecal 

papilla on which a spermatophore is deposited by the male. Secretion 

Th\s C P . * 1C S^ aQ d cements the spermatophore firmly in position. 

a ft or harc * ens to form the outer wall of the spermatophore. 

«nprmo fr thC *u tWO cockroache s separate. During the next day, the 

♦hmnrl the s P ermato Phore slowly pass into the spermathecae 
through their aperture. The empty spermatophore then falls off. 


Formation of Ootheca. 








Fig* 12.33. Ootheca of 
cockroach 


Sixteen eggs usually mature at a time, one in 
each ovarian tubule. The mature eggs pass 
into the common oviduct from the left and 
right sides, alternately. From here they enter 
the genital chamber of the brood pouch, 
where they are fertilized by the sperms shed 
from the spermathecae. The colleterial glands 
pour on the fertilized eggs their secretion, 
which hardens to form the egg-case or 
ootheca. the ootheca is moulded and 
shaped by the ovipositor and walls of the 
oothecal chamber. The ootheca (Fig. 12.33) is a dark-brown purse- 
like capsule, about 9-12 mm. long and 2—3 m.m. thick. It contains 
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16 ciear-like eggs arranged in two rows of eight each. Formation 
of ootheca tikes about a day. The ootheca is earned about by the 
female in her brood pouch for several days. During this period it 
protrudes gradually more and more until it is finally deposited at some 

safe place. .... . 

Life-history. The develepmant of the egg occurs inside the ootheca 
The voung hashing from the ootheca is called the nymph. It resembles 

to rt s 4T * s 

imago During Ais P erio S d, the nymph sheds its exoskeleton as intervals. 
This process of changing the exoskeleton is 
called moulting or eedysis. The skm castoff 
by the nymph is termed exuviae. The torm 
of the nymph between two successive moults 
fs known as the instar. The egg- case 

hatches into the first instar or first stage 
nymph It is about a centimetre long and 
completely lacks the wings. It feeds and 

JS.J »«»■! . "’“'ti '” 

the second instar small projections, the wing 

t ^ ... p ^ ^ ^ ^ ^ ^ ^ | ^ t^r^^ • exoskeleton of the second 

the mesothoracic and me Q f t j me and stops its growth. This 

instar also hardens in d^o ^ A f ter each moult, the nymph'and 

is shed and third instar After t ^ e i as t moult, the wings become 

its wing-pads grow in size . duced There are about six or seven 
fully formed and adu P of instars i n cockroach. The adult 

moults and an equa There are three stages in the life-history 

neither grows nor moults. 1 ^ imago . The changes from egg to 

adulTare gradua^.^They are described as gradual metamorphosis or 
paurometabolic development. 

Economic Importance sessions , ike food, clothes, paper, 

, C Thev also spread obnoxious smell in the kitchens. They are eaten 

Tn C cerSn parts of the world. They are used as laboratory animals. 
Adaptations enables the cockroach to easily slip into 

Flattend form ot its Douy cua makc swift running 

narrow spaces. where aighf would be of no use. Claws, 

possible in confined place 1 ursi provide firm grip on all sorts 

from^its^ding^rounds in search of food. Nocturnal habit and hiding 


Fig. 12.34, Young nymph 
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in narrow inaccessible places during the daytime afford protection 
from the predators. Removal of nitrogenous waste materials through 
alimentary canal results in conservation of water by its resorption into 
the blood. Good degree of sensitivity and living in warm buildings 
contribute to survival. Laying eggs in oothecae and depositing the latter 
in tmall crevices ensure a good deal of safety for the progeny. 

Classification 


The cockroach described in the preceeding pages is placed in the 


Phylum ; Arthropoda 

Class : Insecta 

Sub-class : Pterygota 
Order : Dictyoptera 


Because of having chitinous 
exoskeleton, distinct head 
with sense organs and 
mouth parts, jointed append- 
ages and haemocoel. 

Because of having three 
pairs of legs and two pairs 
of wings. 

Due to the ' presence of 
wings. 

Because of chewing mouth- 
parts, thick fore and thin 
hind-wings, gradual meta- 
morphosis, and jointed 
cerci. 


Family : Blattidae 

Genus ! Periplaneta 
Species : omericana 


Because the legs are almost 
equal-sized and their coxae 
are large and flattened. 

Because of the possession 
of wings by both the sexes. 


Because of relatively light 
colour and large size 
(about 32 to 38 mm.). 


TABLE 6. 


Comparison of Earthworm and Cockroach 


Earthworm 

(. Pheretima poslhuma ) 

I. Habitat 

1. Moist humus- rich soil of 
gardens, lawns, fields, pastures. 


II. Habits 

2. Lives in self- dug burrows 
(fossorial). 

3. Feeds on dead organic 
matter (saprozoic). 


Cockroach 

( Periplaneta americana ) 

1. Warm food-rich places like 
kitchens, bakeries, grocery shops, 
fruit stalls, railway wagons, ships, 
etc. 

2. Lives hidden under vari- 
ous objects. 

3. Feeds on both animal and 
plant matter (omnivorous). 
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Earthworm 

4. Moves about slowly by 
creeping assisted by setae. 

5. Has a good regenerative 
power. 

III. External Characters 

6. Has long, narrow, cylin- 
drical, moist body measuring 
about 150X3-5 mm. 

7. Its segmentation is exter- 
nal as well as internal. 

8. Number of segments is 
variable (100 — 120). 

9. All segments are almost 
alike and not grouped into 
regions. 


10. There are no appendages. 


Body-wall 

1 1 Body- wall consists of 5 
layer's : cuticle, epidermis, base- 
ment membrane, musculature, and 

coelomic epithelium. 

12. Cuticle is thin and soft, 
lacks spines. 

13. Epidermis has mucous and 
albumen cells. 

14 A ring of minute, f- shap- 
ed, movable, chitinous setae is 
embedded in the body-wall in the 
middle of each segment except tne 

first and the last. 


Cockroach 

4. Runs fast with legs, rarely 
flies with wings. 

5. Lacks regenerative power. 


6. Has ovoid, flattened, dry 
body measuring about 38 x 12 mm 


7. Its segmentation is only 
xtemal. 

8. Number of segments is 

ixed (19). 

9. Segments are dissimilar 
and grouped into three regions . 
lead of six fused segments bear- 
ing appendages, thorax of three 
r ree segments with appendages, 
and abdomen of ten free apodal 

A 


10. Head bears a pair of 

antennae, labrum, a pair ot 

mandibles, a pair of maxillae, 

labium and hypopharynx. Thorax 
carries 3 pairs of legs and 2 pairs 
of wings. Abdomen bears a 

pair of cerci in both sexes and a 
pair of analstyles in males. 


11. Body-wall consists of 3 
layers : cuticle, epidermis and 
basement membrane. 

12 Cuticle is very thick and 

hard, forms tough exoskeleton, 
bears immovable spines. 

13. Epidermis is without such 
cells. 

14. Fine, hair-like, movable 
setae are scattered over the body. 
These are prolongations of spe- 
cial cells in the epidermis. 
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Earthworm 

15. Setae aid in locomotion. 

V. Muscles 

16. Muscles form a complete 
cylinder around the body and are 
not attached to the cuticle. 

17. All muscles are smooth. 

VI. Coelom 

18. True coelom is spacious, 
surrounds the viscera and is lined 
by coelomic epithelium. 

19. There is no haemocoel. 


20. Coelom contains a milky 
coelomic fluid. 

21. Coelomic fluid contains 
four types of cells ; phagocytes, 
circular cells, chloragogen cells 
and mucocytes. 

22. Coelom is divided by 
vertical septa into a series of 
chambers. 

23. Coelom communicates with 
the exterior by dorsal pores. 

24. Coelomic fluid oozes out 
through dorsal pores. 

25. Coelom contains lymph 
glands lying over the intestine 
from the 26th segment onward. 

VII. Digestive System 

26. Alimentary canal is straight, 
as long as the body and is connect- 
ed to the body-wall by septa. 

27. Alimentary canal is not 
differentiated into regions and 
comprises mouth, buccal cavity, 
pharynx, oesophagus, gizzard, 
stomach, intestine and anus. 


Cockroach 

15. Setae are tactile organelles,, 

16 Muscles occur- in bundles 
as in vertebrates and are attached 
to the inner surface of the exo- 
skeleton. 

17. All muscles are striated. 

18. True coelom is reduced to 
cavities within reproductive organs. 

1 9. Haemocoel is spacious and 
surrounds the viscera. It is not 
lined by coelomic epithelium. 

20. Haemocoel is full of 
colourless blood. 

21. Blood contains two types 
of corpuscles : proleucocytes and 
leucocytes. 

% • • 

22. Haemocoel is divided by 
two horizontal diaphragms into 
three sinuses : dorsal, middle and 
ventral. 

23. Haemocoel does not 
communicate with the exterior. 

24. Blood does not ooze out. 

25. Haemocoel contains a 
good deal of adipose tissue over 
the viscera. 

26. Alimentary canal is coiled, 
longer lhan the body and without 
connections with the body-wall. 

27. Alimentary canal is differ- 
entiated into three regions : the 
fore-gut comprising pre-oral 
cavity, mouth, pharynx, oesopha- 
gus, crop and gizzard, the midgut 
and the hind-gut including ileum, 
colon and rectum. 
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Earthworm 


Cockroach 


28. Mouth faces forward and 
is overhung by a fleshy prosto- 

mium. 

29. There is no pre-oral cavity. 


30. Pharynx is a horizontal 
sac with lateral walls deeply in- 
vagi nated. 

31. Oesophagus is fairly long. 

• 32. There is no crop. 

33. Gizzard is lined by cuticle 
which is smooth and does not 
project into the stomach. 

34. Intestine has a pair of 
short, conical caeca along its 
course in the 26th segment. 

35. Rectum is not distinguish- 
able externally. 

36. Anus is without podical 
plates. ’ 

37. Alimentary canal is cover- 
ed by coelomic epithelium. 

38 The longitudinal muscles 
are external to the circular muscles 
in the gut-wall. 

39 Digestive glands include 
the buccal mass and lining of sto- 
mach and intestine. 

40. No peritrophic membrane 
is formed around the food. 


28. Mouth faces downwards 
and is surrounded by movable 
mouth parts. 

29. Mouth parts enclose a 
pre-oral cavity containing open- 
ing of salivary duct. 

30. Pharynx is a vertical tube, 
circular in cross section. 


31. Oesophagus is very short 
and narrow. 

32. A large crop follows the 

oesophagus. 

33. Gizzard is lined by cuticle 
which is produced into teeth and 
bristles and projects into the 
mid-gut. 

34. Mid-gut has 6-8 long, 
finger-like caeca at its beginning. 


35. Rectum is distinguishable 
externally. 

36. Anus opens between two 
podical plates. 

37. There is no coelomic epi- 
thelium over the alimentary canal. 


38. The longitudinal muscles 
are internal to the circular 
muscles in the gut-wall. 


39. Digestive glands include 
salivary glands, hepatic caeca and 
lining of mid-gut. 


40. A thin, permeable, chitin- 
dus peritrophic membrane is torrn 
;d around the food in the mid- 


put, 


viii. 


Respiratory System 


41. Respiration is cutaneous. 

42. Blood plays an important 
role in respiration. It carries 


41. Respiration is tracheal. 

42. Blood plays no role in 

respiration. Branching tracheae 
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Earthworm 

oxygen from the skin to the 
tissues and carbon dioxide from 
the latter to the skin. 

43. Respiration has 2 phases : 
external in skin and internal in 
tissues. 

44. No special respiratory 
movements take place. 


45. Carbon dioxide is wholly 
2ost by diffusion through the skin 


IX Nervous System 

46. Nerve* ring surrounds the 
pharynx. 

47. Brain is formed by the 
fusion of a pair of ganglia. 

48. Subpharyngeal ganglion 
represents a pair of fused ganglia. 

49. Circumpharyngeal conn- 
ectives are slender threads. 

50. Nerve- cord extends the 
. entire length of the body. 

51. There is a segmental gan- 
glion in each segment. 

52. All segmental ganglia are 
alike. 

53. Brain gives off on each 
side 2 nerves : prostomial and 
buccal. 

54. Each peripharyngeal con- 
nective gives off 2 nerves to the 
first two segments. 

55. Subpharyngeal ganglion 
gives off on each side 2 nerves to 
3rd and 4th segments. 


Cockroach 

carry air directly to the tissues 
through spiracles. 

43. Respiration has only one 
phase, i.e. internal in tissues. 

44. Special respiratory move- 
ments comprising alternate ex- 
pansion and contraction of the 
abdomen occur to draw in and 
expel out air. 

45. Carbon dioxide is lost part- 
ly by diffusion through the 
body-wall and partly via 
tracheae. 


46. Nerve-ring surrounds the 
oesophagus. 

47. Brain is formed by the 
fusion of 3 pairs of ganglia. 

48. Suboesophageal ganglion 
represents 3 pairs of fused ganglia. 

49. Circumoesophageal conn- 
ectives are broad bands. 

50. Nerve-cord extends up to 
the 7th abdominal segment. 

51. Fifth and last three abdo- 
minal segments lack segmental 
ganglia. 

52. Thoracic and last abdomi- 
nal ganglia are larger than others. 

53. Brain gives off on each 
side 3 nerves : optic, antennary 
and labrofrontal. 

54. No nerves arise from the 
circum-oesophageal connectives. 

55. Suboesophageal ganglion 
gives off on each side 3 nerves ; 
mandibular, maxillary and labial. 
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56. Each segmental ganglion 
gives off 3 pairs of nerves. 


57. Nerves arising from the 
segmental ganglia innervate their 
own segments. 

X. Sense Organs 

58 Organs for all the popular 
senses except for hearing are 

present. 

59. AU sense organs are simp- 
le, the photoreceptors are uni- 
cellular, those for touch, smell 
and taste are small groups ot 

sensory cells. 

XI. Circulatory System 

60. Circulatory system is of 

closed type. . , 

61 There are four pairs ot 
loop-like heart with valves and 
lying lateral to the gut. 

62 There are several main 

smaller vessels *that ?n^ turn branch 
smaller f nrTne ’d by union of 
into or are tormea vy 

capillaries. 

presence®^ respirator^ pignut, 
haemoglobin. 

64. Blood corpuscles area 
alike. 

j i 

■ XU. Excretory System 


are highly com- 


56. Each thoracic ganglion- 
gives off several nerves while each 
abdominal ganglion gives off only 
one pair of nerves except the last 
that gives off 3 pairs of nerves. 

57. Nerves arising from the 
segmental ganglia usually inner- 
vate the next posterior segment. 

58. Organs for all the five 
popular senses are present. 

59. All sense organs are 
simple and unicellular. The com- 
pound eyes are multicellular and 

very complex. 


60. Circulatory system is of 
>pen type. 

61 There is a single tubular 
ieart with valves and ostia and 
lying dorsal to the gut. 

62. There is a single main 
vessel, the anterior aorta, that 
arises from the heart and opens 
into the head sinuses. No smaller 
vessels and capillaries are present. 

63. Blood is colourless, being 

. - - I f /-v w\r niOfDPnt. 


64 Blood corpuscles are of 
two types : proleucocytes and 
leucocytes. 


65. Excretory organs are 
nmerous fine but quite long, 

illowish,’ thread-like Malpighian 
lbules. 

66. Malpighian tubules are 
imple straight tubes. 


66. Nephridia 

plex in structure. 
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Earthworm 

67. Nephridia are scattered 
throughout the body. 

68. Nephridia are of three 
types : septal, integumentary and 
pharyngeal. 

69. Septal and pharyngeal 
nephridia open into the gut, inte- 
gumentary to the exterior. 

70. Septal nephridia open into 
the coelom also. 

7 1 . Excretory ma;ter is chiefly 
urea. 

72. No excretion occurs by 
storage. 


XIII Reproductive System 

73. Earthworm is bisexual. 

74. There are two pairs of 
testes. 

75. Testes are minute, palmate 
enclosed in testis-sacs and ventral 
to the gut. 

76. Testes become functional 
in the adult worm. 

77. There are two pairs of 
vasa deferentia, each starting as 
a spermiducal funnel just behind 
its testis. 

78. Vasa deferentia do not 
meet, open out by a pair of male 
genital apertures on the ventral 
side of 1 8th segment. 

79. There are a pair of large 
prostate glands and two pairs of 
small accessory glands. 

SO. Mushroom-shaped and 
conglobate glands are absent. 

Ovaries are minute, pal- 
mate, and ventral to the cut. 


Cockroach 

67. Malpighian tubules lie in 
a bundle attached to the ileum. 

68. All Malpighian tubules 
are alike. 


69. All Malpighian tubules 
opens into the ileum. 


70. No Malpighian tubule 
opens into the haemocoel. 

71 Excretory matter consists 
of uric acid salts. 

72. Some excretion also occurs 
by storage of waste matter in the 
fat cells. 


73. Cockroach is unisexual. 

74. There is a single pair of 
testes. 

75. Testes are fairly large, 

lobular, uncovered and dorsal to 
the gut. 

. 76. Testes become functional 
in the young insect and disappear 
in the adult. 

77 There are only a pair of 
vasa deferentia, which are cont.n- 
uous With the testes and lack 
spermiducal funnels. 

78. Vasa deferentia join to 

lorm an ejaculatory duct that 

opens out at the hind end of the 
body. 

79. There are no prostate and 
accessory glands. 


80. Mushroom-shaped and 

conglobate glands are present. 

81 Ovaries are large and 
dorsal to the gut. 
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Earthworm 

82. Oviducts are very short, 
•each with an oviducal funnel just 
behind the ovary. 

83. Oviducts join and imme- 
diately open out on the ventral 
side of the 14th segment. 

84. There are four paii 6 of 
similar spermathecae, each open- 
ing out individually at theventro- 
lateral parts of the annuli between 
5/6, 6/7, 7/8 and 8/9 segments. 

85. There are no colleterial 
glands. 

86 . There is no brood pouch. 


Cockroach 

82. Oviducts are fairly large 
continuations of the ovarioles 
without oviducal funnels. 

83. Oviducts join to form the 
vagina which opens out at the 
hind-end of the body. 

84. There are only a pair of 
unequal spermathecae that open 
out together at the hind-end of 
the body close to the genital 

aperture. 

85. There are a pair of coll- 
eterial glands. 

86 . Female has a brood pouch 
at htr hind end. 


XIV Copulation 

87. Copulation takes place 
in head-to-tail position. 

88 . Both the copulants get 
inseminated. 

XV. Ootheca Formation 

89 Ootheca is formed around 
the clitellum, first receives the 
ova and then the sperms. 

90. Ootheca deposited in the 
-soil as soon as formed. 


87. Copulation takes place 
in tail-to-tail position. 

88 . Only the female is insemi- 
nated. 

89. Ootheca is formed in the 
brood pouch around both ova 
and sperms simultaneously. 

90 Ootheca kept in the brood 
pouch for several days before 
depositing it in some hole or 
crevice. 


£VI. Development 

oi The young worm hatching 
'rom the ootheca exactly resem- 
bles the adult worm. 

09 Growth of the young is 
j continuous process without 

moulting. 


91. The young insect hatching 
from the ootheca differs from the 
adult in lacking wings. 

92. Growth of the nymph 
occurs at intervals after each 
moult. 


93. Cockroach is a harmful 
insect. 


XVII. Economic Importance 
93 . Earthworm is a useful 
animal. 

TEST QUESTIONS 

, Describe the externa, characters of cockroach. What is the aoo.og.cai natne 
and systematic position of this animal . 
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2. Give an account of the digestive system of cockroach. What is the food of 
this insect and how is it taken ? 

3. How will you distinguish between male and female cockroach ? Describe 
the reproductive system of any of them. 

4. How do the followiug processes occur in cockroach ? 

(a) Locomotion (6) Respiration (c) Ootheca formation 

( d ) Copulation (<?) Excretion. 

5. .Make a labelled sketch of the front view of the head of cockroach. 

6. Give an account of the mouth-parts of cockroach. 

7. How do Pheretima and Periplaneta differ from each other with regard to the 
coelom and blood ? 

8. Give a brief description of the nervous system of cockroach and compare It 
with that of earthworm. 

9. What do you understand by the following terms ? 

Omnivorous animal, Gonapophyses, Tegmina, Nocturnal creature. Stigmata. 

10. Discuss the economic importance of cockroach. Name the more common 
species of this animal and bring out differences between them. 
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Oryctolagus cuniculus 

(The Rabbit) 


NATURAL HISTORY 

The rabbit formerly called cony (or coney), has been selected from 
the mammals for detailed study because it is quite a good representative 
of this group and also of the vertebrates in general, is clean and harm- 
less has a large size convenient for dissection, is easily available 
and can be kept without much effort. 

Zoological Name and Systematic Position. The rabbit and the hare 

look very similar and both are called ‘Khargosh” in vernacular. They 
were earher placed in the same genus, viz. Lepus. Now, however, they 

^re known to differ in several important respects (see chapter 36), 

are KnoN n , rabbit has been assigned a new genus Oryctolagus 
eonsequent ly the rabmt ^nas^o only for the hare . The full 

zoologicll name' of the common rabbit is Orcytolagus cuniculus and that 
of the common hare is Lepus ruficaudatus. 

Formerly the rabbit was included in the order Rodentia because ot 
• nJnt like teeth Recently, however, it has been found to differ 
fnm the odents in certain skeletal, seriological and some other 
features This has necessitated the creation of a new order Lagomorpha 
for “he rabbit. Detailed classification of rabbit is given in chapter 25. 

. . , nictrihution Tbe rabbit is now almost a cosmopoli- 

Geographical O^Uon.^ be r^ Souttlsra 

tan amraa . 1 N r f h Africa an d some of the Mediterranean Islands. 

France, Aloi.rs, . other parts Q f t h e world where it has readily 

II has been ‘mp t d Austra ii a P a nd New Zealand, for want of natural 
acclimatised use . beyond bounds and has become a serious 

enemies ‘^.^stication, which was probably started by the Romans 
nuisance- Us ?°“ e £““ brou ’ ght forth a number of varieties which differ 

from* the wffd f^rm chiefly in the colour, size and texture of the fur. 

The habitat, i.e. natural home, of rabbit is the vicinity of 

grassland^ and open woodlands. . h • 

Habits. The noteworthy habits of rabbit are locomotion, burrowing, 
fee ding and breeding. 

r nmntinn Locomotion in rabbit is by leaping. Preparatory to a 
leap the animal arches its body and bends the hind-limbs to place them 
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a bit ahead of the fore-limbs. Now pressing the ground downwards, the 
body and the hind-limbs are suddenly straightened. This forces the 
animal forward through the air like an arrow. On the completion of 
the leap, fore-limbs meet the grout d first, serving to absorb the pressure 
with which the animal falls down. Soon the hind-limbs are again drawn 
ahead of the fore-limbs to take another leap. 

The rabbit in the wild state can cover 32—40 kilometres per hour. 

The rabbit shows some structural modifications to suit its mode of 
locomotion. The centre of gravity in the normal resting position is tar 
back, being nearly between the hind-limbs. Large area of the feet m 
contact with the gtound and long segments of the hind-limbs bent like a 
spring (r) increase the thrust produced by straightening of the hmd- 
limbs. To transmit this thrust to the axis of the body, the pelvic girdle 
lies parallel to the vertebral column and is fused with the sacrum, io 
reduce the shock of landing on the ground after a leap, the short but 
stout fore-limbs have a bend at the elbows, the hands touch the ground 
with the digits only and the pectoral girdle is springy. 

Burrowing. The rabbit is a fossorial animal, ie. it lives in self- dug 
burrows. For the preparation of a burrow, the fore-limbs scratch the 
earth and the hind-limbs throw it back. Horny claws over the tips ot 
the digits greatly facilitate this process. The burrow often has several 
side passages and may have more than one outlet. It is called tlie 

warren. 

Feeding. The rabbit is herbivorous in diet. It usually feeds on 
grass but tender field crops like cereals, vegetables like turnips, carrots 
and lettuce, young trees and certain fruits are also eaten. For the 
purpose of feeding and playing, rabbits move about at twilight in 
groups. They are, thus, crepuscular and gregarious animals. 

An interesting feature in the feeding of rabbit is its habit of refection 
or coprophagy, ie. passing the food twice through the alimentary canal. 
It eats its night droppings without masticating them. These contain 
vitamins and simplified cellulose. 

Breeding. The rabbit is polygamous, i.e. one male lives in the 
company of many females. It has a high rate of fertility and breeds all 
the year round. The peak mating, however, extends from January to 
June. The female starts bearing young ones at the age of six months 
and produces 6 — 8 litters in a year, each litter comprising 3 8 young 

ones. 

The mother shows a good deal of parental care. Before the birth of 
young ones, she lines the burrow with dry grass over which she prepares 
a warm bed out of hair pulled from her own body with the mouth. The 
young ones are then gently deposited on this warm bed which usually 
lies at the farther end of the burrow. At the time of birth, the young 
ones are essentially like the parents except that they are very weak, 
hairless, deaf and blind. They are looked after and nursed by the mother 
on her milk till they become strong enough to look after themselves. 
They are usually weaned at less than one month. While going out for 
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feeding, the mother closes the outlet of the burrow. If threatened by 
some enemy, the mother is known to transfer the young ones, holding 
one by one in her mouth, to a safe place at night. 

The rabbit normally enjoys an average age of about eight years 
provided it is spared by diseases and its enemies. 

Enemies. The rabbit is attacked by a number of enemies which come 
from two main groups : the carnivorous mammals like cats, dogs and 
foxes and the birds of prey like owls, eagles and hawks. Its gregarious, 
fossorial and crepuscular nature goes a long way in protecting it from its 
enemies On seeing an enemy, it thumps its hind-limbs on the ground to 
produce a warning sound, hearing which all run to safety. Man may also 
be included among the enemies of rabbits as he takes quite a heavy toll 
of them for fur, meat, sport and dissection work 

Economic Importance. The rabbit has something both for and against 
it. It damages crops and vegetables ; befouls the grass in the meadows 
with its excreta ; and serves as a carrier cf some human parasites. 
On the other hand, it provides a good fur for gloves, purses, hats, etc. ; 
-yields palatable meat ; serves as a good sport for the hunters ; and 
forms a nice laboratory animal for biological and medical investigations. 
It also furnishes livelihood to many who are engaged in its trade. 

test questions 

1 Give the zoological name and economic importance of rabbit. Why is this 
animal studied as a type from the class Mammalia . 

2 What is the habitat of rabbit ? Write brief notes on the following habits of 
Chis animal -Feeding, Breeding and Locomotion. 

3 Explain the following terms giving at least two examples in each casc- 

(a) Fossorial Animals. ( c > Crepuscular Animals. 

(b) Viviparous and Oviparous Animals. (cl) Gregarious Animals. 
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EXTERNAL CHARACTERS 

The rabbit is a quadruped as it uses all the four of its limbs during 
locomotion. It shows bilateral symmetry. The whole surface of ita 
body is covered with short, soft, close- set hair or fur. The hairy coat 
helps in keeping the body temperature constant at about 101*8°F 
(38 8°C) by preventing the undue loss of heat. The rabbit is, thus, a 
warm blooded or homoeothermal animal. The hair contain pigments 
which impart colour to the animal. The domestic varieties are usually 
white or black and white. The wild rabbit is dust-brown with a white 
patch under the tail. The dust brown colour matches with the surround- 
ings of the wild rabbit and makes it almost invisible. This is known 
as the protective colouration. The significance of the white patch under 
the tail is controversial. It is usually thought to be a signal to other 
rabbits that immediate departure is called for. 

The body of rabbit consists of four regions : head, neck, trunk and 
tail. The trunk bears two pairs of limbs : fore and hind. 

I. Head. The head makes an angle with the rest of the body and 
bears the mouth at its lower or anterior end. The mouth is a relatively 
small transverse slit and is bounded by two soft, movable, hairy lips : 
upper and lower. The upper lip is divided by a median vertical cleft into 
ngut and left halves and is called the harelip. The cleft connects the 
mouth with the external nares above and leaves the front upper teeth 
(incisors) exposed. The external nares are oblique, oval slits lying 
under tleshy tip of the snout which is required to be raised for exami- 
ning them. Some distance above (behind) the nares are a pair of very 
prominent eyes. They are laterally placed towards the upper side of the 
nead to make the animal more watchful of its enemies. Each eye has 
three eyelids : the upper, the lower and the nictitating membrane. The 
upper and lower eyelids are movable and fringed with a few hair of 
eyelashes. The nictitating membrane is an opaqe, white, hairless fold 
of skin lying in the anterior angle or canthus of the eye within the other 
eyelids. It can be drawn across the eyeball to clean it. Further above 
(behind), the head bears a pair of long, movable, trumpet-shaped pro-? 
jections called the pinnae. 1 hey are usually held vertically with the 
concavity directed outwards and somewhat forwards.' They enclose the 
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external auditory canals. The pinna and the external auditory canal 
together form the external ear, a structure not found in vertebrates 
other than mammals. Long, stiff, sensory hair, called the vibrissae or 
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whiskers, are present at the sides of the snout and above and below the 
eyes. They act as tactile organs. The length of the whiskers of the 
two sides taken together is more than the width of the body. They 
enable the animal to determine whether or not it would be able to pass 


through a certain passage. 

2. Neck. The neck connects the head with trunk. It is narrow and 
fairly short in rabbit, probably because of the laterally placed eyes 
which can see all round without turning the head. The neck, however, 
permits the animal to turn its head about. 

3. Trunk. The trunk is somewhat cylindrical. It has two regions : 
the anterior narrow chest or thorax enclosed by ribs and posterior 
broader belly or abdomen which is soft. The female bears four or live 
pairs of small outgrowths, the teats or mammae, arranged at intervals 
on the ventral surface of thorax and abdomen. They are perforated by 

openings of ducts of milk or mammary glands and are used to feed the 

young ones for some time after birth. The teats occur in the males also 
but in vestigial condition. 


(/) Apertures. There are two apertures at the hind end of the trunk • 
the anus and the urinogenital aperture. The anus is an outlet for the 
alimentary canal and lies below the base of the tail. The urinogenital 
aperture lies a little in front of the anus. In the male, it is situated at 
the tip of a cylindrical structure, the penis. The penis is enclosed in a 
fold of loose skin, the prepuce. On either side of the penis, there is an 
oval pouch of skin, the scrotal sac, lodging the testis. The urinogenital 
aperture in the female is slit-like and is known as the vulva, At the 
anterior margin of the vulva there is a rod-like body, the clitoris, which 
is homologous to the penis of the male. A pair of hairless depressions 
is seen on the sides of the anus but a little in front of it. These are 
called the perineal pouches. Each pouch contains a papilla on which 
opens the perineal gland. The secretion of the perineal glands imparts 
characteristic odour to the animal. 


(») Limbs. The limbs are vertical in position to hold the body clear 
of the ground. They serve for locomotion. Both the limbs have the 
general pentadactyle plan. The fore-limbs are, however, much shorter 
than the hind-limbs. 


(а) Fore-limb. A fore-limb consists of three parts : the upper-arm 
or brachium, the fore-arm or ante-bracbium and the hand or manus. 
When at rest, the upper-arm is directed backwards and the fore-arm 
and the hand forward. The upper-arm is closely applied against the 
side of the body and is almost completely hidden by the skin. The hand 
further consists of the wrist or carpus, the palm or metacarpus and five 
fingers or digits. Beginning from the medial side, the digits of the 
hand are described as the first or pollex (thumb), the second or index, 
the third or middle, the fourth and the fifth All the fingers end in 
sharp, curved, horny claws. Besides helping in locomotion, the fore-, 
limbs form the chief digging organs. 

(б) Hind-limb. A hind-limb is also divisible into three parts ; the 
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proximal thigh or femur, the middle shank or crus and the distal foot or 
pes. When at rest, the thigh is directed forwards, the shank backwards 
and the foot again forwards. Like the upper arm, the thigh is also 
almost hidden by the skin. The foot is composed of the ankle or tarsus, 
Instep or sole or metatarsus and four toes or digits. The first digit or 
hallux, corresponding to the human great toe, is absent. All the digits 
of the hind-limb are also furnished with claws. Tne palms and soles 
are both hairy. 

4. Tail. The tail is very short and curved upwards usually. 

TEST QUESTION 

l. Give an account of the external characters of rabbit. 
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BODY-WALL, COELOM AND VISCERA 

1. Body-wall. Body of rabbit is covered with skin which, as already 
stated, bears soft hair or fur all over. Beneath the skin is a layer of 
muscles (Fig. 15.1). This layer is thicker on the dorsal side than else- 
where. The muscular layer is covered internally by flat cells or squa- 
mous epithelium known as the peritoneum. The skin, muscular layer and 
peritoneum collectively form the body wall. The latter forms a protective 
wrapper for the delicate internal organs. Besides this, the skin acts as 
a sensory, excretory, secretory and heat-regulatory organ ; the muscular 
layer develops supporting frame-work of bones ; and the peritoneum 
secretes coelomic fluid. 

The thick muscles of the dorsal side contain the backbone or 
vertebral column. The latter encloses a cord of nervous tissue, the 
spinal cord. The muscles of thorax have breast-bone or sternum in the 
mid-ventral line and ribs or costae laterally. The backbone, breast-bone 
and ribs are joined to form a bony case (Fig. 1 5.1). The head contains 
the skull which surrounds the brain (Fig. 15.3). The skull is connected 
with the vertebral column and the brain with the spinal cord. The 
muscles at the anterior and posterior parts of the trunk enclose the 
shoulder or pectoral and hip or pelvic girdle respectively. The girdles 
provide articulation to the limb bones which are embedded in the limb 
muscles. 

2. Coelom. The body-wall encloses a spacious cavity in the trunk. It 
is known as the body-cavity or coelom. It contains most of the internal 
organs and is divided into two compartments : the anterior smaller 
thoracic cavity and the posterior larger abdominal cavity, by a vertical 
muscular partition, the diaphragm (Fig. 15.3). The diaphragm, in the 
position of rest, is convex anteriorly to project into the thoracic cavity. 

The thoracic cavity contains in it two smaller air-tight cavities, the 
pleural cavities (Fig. 15.1), housing the lungs that completely fill 
them. The wall of the pleural cavity consists of two layers of perito-i 
neum known as the pleura. The inner layer or the visceral pleuron 
closely invests the lung while the outer layer or the parietal pleuron lines 
the thoracic cavity. The two pleura are continuous with each other 
over the bronchi. Since the lungs remain fully distended during life, 
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the parietal and visceral pleura lie ttS 

narrow space between the two pleura contains ^coelom tfae 

permits them to slip over each o • J e The dorsal part of 

two pleural cavities is called the med P * oes ophagus, trachea 

the mediastinal space is n ^ r . r ° ^H. vemral nTrt is wX Snd houses 
and main blood-vessels ; while the which consists of 

SoS?;, « «- 

ween the two. 



STERNUM 

Minn throueh the thorax of rabbit (diagrammatic) 

Fig . 15.1. Transverse se digestive and the urinogenital 

The abdominal , ° d b g y peritoneum, termed the parietal per.to- 

organs. It is lined internally by P ritoneum bends downwards as 

r",o,r°*'h .» .£» «*«*. srsaa 

forming the r' sceral ij Oi''-' dorsal body-wall and am connemed 

or cans are, thus, sus P en ^, lhlefo |ds or reflections of peritoneum. The 
with one another by double tcrtm - ^ the mesentery when it suspends 

double fold of peritoneum ) from the dorsal body-wall, as the 

an organ or viscus (singular of wjth some other interna l organ, 

omentum when it connects th ' n the st0 mach and the duodenum, 

,, g gastroduodenal 0 ™ en ™"l: ns any , wo internal organs other than the 

Is the ligament when it joins any beWeen , he liver and the duod- 

SS’body-wrf'. P“* W ”' ,h ' rthe““»“.uS, ».ly and are raid to be 

£“rld byV ~g*S *PP'“ •” “• “' 1 °" ” d 

retroperitoneal. 
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are generally described as such. Actually, however, they are outside it 
being separated from it by visceral peritoneum. The abdominal coelom. 
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also contains a watery coelmic fluid. Tt keeps the surface of the interna* 

organs moist so that they can slide over one another easily without anv 
friction and injury. * 
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spleen, urinary bladder, kidneys and gonads (Fig. 15.3). Of these, the 
heart and the lungs alone lie in the thoracic cavity. All others are in 
the abdomen. These organs are grouped into a number of systems cor- 
responding to the main activities of the animal. The various systems 
with their main parts and important functions are listed below . 


TABLE 7 


.No. 

System 

1. 

Integumentary 

2. 

Muscular 

3. 

Skeletal 

4 . 

Digestive 

5. 

Respiratory 

6. 

Circulatory 

7. 

Lymphatic 

8. 

I Nervous 

9. 

Urinogenital 

10. 

Endocrine 


Parts 


Muscles 

Bones and cartilages 

Alimentary canal and 
Digestive glands 
Trachea and lungs. 

Heart, blood-vessels 
and blood. 

Lymph nodes, lymph 
vessels, lymph. 

Brain, spinal cord, ner- 
ves, sense organs. 
Kidney and gonads 
with their ducts. 
Ductless glands. 


Function 


Sensory, protective, 
cretory, etc. 

Movement 


ex 


Supporting and protective. 

Digestion and absorption of iood. 

Exchange of CO z and 0 2 . 

Transport of food, gases, wastes 
and hormones. 

Exchange ot materials between 
blood and tissues. 

Reception of and response to 

stimuli. , . 

Excretion and reproduction. 
Secretion of hormones. 


TEST QUES T IONS 

JiSLS r 

relation to the peritoneum. 

3 Explain the following terms : 

Viscera, Coelom, Pleura, Pericardium, Mesentery, Diaphrag . 
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INTEGUMENTARY SYSTEM 

The Integumentary system consists of the integument or skin and 
the structures derived from it, like the hair, glands and claws. 

2. Skin 

The skin consists of two regions : the outer thin epidermis and the 
inner thick dermis or corium. the two fitting into each other by a system 
of ridges and depressions (Fig. 16.1). 

1. Epidermis. The epidermis develops from the ectoderm of the 
embryo. It is a stratified epithelium, i. e. it is formed of several layers 
of cells. The innermost layer consists of columnar cells and is known 
as the Malpighian layer or stratum germinativum. It lies on a basement 
membrane secreted by the underlying dermis. The cells of this layer 
are very active and divide by mitosis to produce new cells. The 
newly-formed cells pass outwards and become progressively flattened. 
The region of epidermis where this occurs forms the transitional layer. 

^ In the transitional layer, the cytoplasm of the cells is slowly replaced by 
a very hard, tough, insoluble protein, the keratin or horn. By the time 
the cells reach the surface of the epidermis they become extremely thin 
and completely dead. They are said to constitute the horny layer or 
stratum corneum. This layer is protective in function. It is cast off as 

n . . _ is replaced from beneath. The rate of 

formation of new cells at the bottom of the epidermis is approximately 
the same as that at which the surface cells are cast off. This keeps the 
thickness of the epidermis more or less constant. There are practically 
no blood-vessels and nerves in the epidermis so that no bleeding or 
pain results if only the epidermis is injured. The outer surface of the 

epidermis !s beset with numerous minute pores of sweat glands and 
nair-iollicles. 

Where the skin is thick, e g. palms and soles, the transitional layer 
ot the epidermis shows two regions: the inner stratum granulosum of 
granular cells and the outer stratum lucid urn of clear hyaline cells. 

2. Dermis. The dermis develops from the mesoderm of the embryo. 

It consists mainly of dense connective tissue and is about 2 or 3 times 
as thick as the epidermis. It contains interlacing bundles of white 
r°l agen fibres a network of yellow elastic fibres and various types of 
cells like fibroblasts, histiocytes and mast cells. The white fibres serve to 
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attach the skin firmly to the body and limit its stretching The : yellow 
fibres cause recovery of the skin after its stretching. The . 
secrete the fibres The histiocytes eat up the foreign particles entering 
the skin The mast cells secret the matrix in which all other structures 
are embedded. The dermis also contains numerous blood-vessels with 

clusters of capillaries abutting on the epidermis dl g® ^ 

tactile corpuscles beneath the epidermis and lymph-vessels, bom 

muscle-fibres are also present in the dermis. 
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' _ . . a i aV er of loose connective tissue with lobules 

Beneath the dermis lies a y . r ° erstices This i aye r is called the 

of fat or adipose tissue in i\ ■ 1 , s the fibres of this tissue are 
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follicle as a small papilla, the bair-papilla. The hair papilla is nourished 
and innervated by a few blood-capillaries and nerves of the dermis. 
The cells of the papilla, being ordinary Malpighian cells and provided 
with food, produce new cells which gradually become flat and horny 
like the cells of the outer layer of epidermis. The piling up of the horny 
cells in due course of time results in the formation of a hair. The 
hair has two parts : root within the follicle and the shaft projecting 
out of the skin. The hair are normally slanting but they can be made 
to stand on end by arrector pili muscle which consists of a bundle of 
smooth fibres. This often happens when the animal is frightened or 
experiences excessive cold and is brought about by the hormone adrena- 
lin. Colour of the hair is due to pigments in their cells. The hair 
prevent loss of heat from the body. Vibrissae act as touch receptors. 
Eyelashes and the hair in and around the nares keep out the coarse 
air-borne particles of dust. The hair also provide colour to the body. 

2. Glands. The glands developed in the skin include the sweat or 
sudoriferous glands, oil or sebaceous glands, milk or mammary glands. 
Meibomian glands and ceruminous glands. All these glands, though 
situated in the dermis, are epidermal in origin. 

(a) A sweat gland is a much-convoluted tube situated deep in the 
dermis. It is formed by invagination of the Malpighian layer of the 
epidermis. It opens on the surface of the skin by a loDg duct. Its 
opening is called the sweat pore. The gland is surrounded by a network 
of blood capillaries from which it separates the sweat or perspiration 
and discharges it to the exterior. The sweat consists of water with 
some urea, inorganic salts (chiefly sodium chloride) and carbon dioxide. 
The sweat glands bring about the excretion of waste materials and 
cooling of skin is caused by the evaporation of the sweat. 

( b ) An oil gland consists of small saccules communicating with a 
common duct that opens into the hair-follicle. It lies in the triangle 
formed by the hair-follicle, its arrector pili muscle and epidermis. It 
secretes an oily material, the sebum, which lubricates the hair and the 
skin to keep them soft and flexible and also prevents drying of skin. 

(c) The milk glands secrete milk They are modified sudoriferous 
glands. They are aggregated at certain places and open on the teats or 
nipples by several small apertures. The milk glands become functional 
just after the birth of the young one. 

(d) 'The Meibomian glands are modified sebaceous glands. They open 
into the follicles of the eyelashes. 

( e ^ The ceruminous glands are modified sweat glands. They occur in 
the external auditory canal. They secrete a fatty substance, the earwax 
or cerumen, which protects and lubricates the tympanic membrane. 

3. Claws. The claws are hard, curved, sharply-pointed structures 
covering the tips of the digits. They are composed of keratin and are 

produced by the a Malpighian layer of epidermis. The claws are used 

by rabbit m digging burrows and as organs of offence and defence. 



ORYCTOLAGUS CUNICULUS 


223 


ill. Functions of the Skin 

The skin performs a variety of functions which justify its title “the 

master organ” of the body. The skin acts as : .... . 

m a nrotective or«an. It forms a wrapper for the internal 
organs V protect them from mechanical injury, entry of micro- 
organisms. evaporation of water and absorption of poisons. 

* Tf removes the excess of water, urea and 

Sanborn rbS Sgh fluency of sweat glands 

sans irom eIe , oil for the lubrication of the 

hair (3 ^kTr e Z y r,s°hrnt of yoTng ones, and earwax for the lubrica- 

ti0 ^:^an. The receptors of the skin are sensitive to touch. 

heat, cold, pain, che ™ ica ^ layer 0 f the dermis stores water 

(5) a storage organ, lne aeepei y 

and fat. hairv covering and fat in the 

(6) a heat-regolatory nrgan. Th y cools (h£ skin if it gets 

dermis conserve body heat. 

«-• So ™ SZSSS* SXS&k '£“■ 

(8) a nourishing organ. Tne skin 

Din it in the presence of sundight exchange ^ ^ may occur 

(9) a respiratory organ, very s g 

through the skin. produces defensive tools in the 

( 10 ) a defensive organ- The sk a terrifying look to the 

tSSJr . C Hair g'e some degree of camouflage. 

TEST QUESTIONS 


1 . 

2 . 

3 . 

4 . 


, .. of a vertical section through the skin of rabbit 
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Oryctolagus cuniculus 

(The Rabbit) 


SKELETAL SYSTEM 

Hard parts of the animal body collectively form the skeletal system 
or skeleton. The skeleton is of two types : exoskeleton and endoskeleton. 
The exoskeleton includes the hard parts covering the body externally, 
e.g. the hair, claws, etc. These structures are epidermal in origin and 
are mainly dead. The endoskeleton comprises the hard parts lying inside 
the body, e.g. the cartilages and the bones. These structures are 
mesodermal in origin and are living. 

Bone Formation. Originally the whole of the endoskeleton is cartila«i 
ginous but later, as the animal grows, it gradually becomes bony. Bones 
develop from three sources. Certain bones are formed from the original! 
cartilages and are called the cartilage or replacing bones. Others arise in 
the dermis of the skin and sink below to get attached over the underlying 
cartilaginous skeleton. These are called the membrane or investing bones. 
Some bones develop at the joints of the skeleton by ossification in the 
tendons to give extra strength. They are termed the sesamoid bones. 

Structure of the Mammalian Bone. Bone consists of bone-cells or 
osteocytes scattered in a hard intercellular substance or matrix. The 
matrix is formed of a protein called ossein. It contains a strengthening 
framework 'of white or collagen fibres. The fibres are, however, difficult 
to detect as they are heavily impregnated with inorganic salts, chiefly 
calcium phosphate and calcium carbonate. Bone, thus, combines 
mineral matter with animal matter. Examination of a dried bone reveals 
the mineral matter while that of the decalcified bone shows the animal 
matter. The following description is of a decalcified bone. 

Bone is covered externally by a tough sheath of white fibrous 
connective tissue. It is known as the periosteum. The muscles are 
attached to this sheath. It contains blood-vessels which pass into the 
bone for providing nourishment. It also contains special bone-forming 
cells, the osteoblasts, which produce new bone material. In a young, 
growing bone, osteoblasts are arranged in a regular epithelium near 
the inner limit of the periosteum. Periosteum is, thus, a multipurpose 
sheath. It is responsible for the protection, muscle attachment, nourish- 
ment, growth and repair of the bone. 

Small bones are solid. Long bones like the femur, have a cavity in 
them. This is called the marrow cavity. It is lined by a layer oF 
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bones, thus, grow in thickness from two sides. 

The marrow cavity - » «*.. tfc W&PJPlIt 


is filled with a fatty 
tissue, the bone mar- 
row. The marrow is 
of two types: red and 
yellow. The red mar- 
row is more highly 
vascular and pro- 
duces the red corpu- 
scles and granular 
white corpuscles. The 
yellow marrow pro- 
duces corpuscles in 
emergency, i.e. m 
case of a greater loss 

of blood. 


CANALICUU 


LAMELLAE 


CANAL 
CANALIC'.;*- ( 


Fia 17.1. A part of the transverse 
section of mammalian bone 


■ • i i \ \ * ' 

Bone contains 

several narrow canals, 

the Haversian canals. , . the long axis of the bone and 

The canals run more ° r ’ e > s ® p ' Each cana i houses blood-vessels, nerves 

join each other here and 11 . tissue The blood vessels of the Haver- 
and bone-cells packed in areolar tiss • iosteum and bone marrow. 

sian canals are connected with 'which are largely arranged in 

Matrix occurs as layers of canals . A few lamellae are, 

concentric rings round the er. a They occur j ust inside 

however, concentric round he ma the y cndost eum. Between the 

the periosteum as well as just lacuDae . Each lacuna contains a 

lamellae are lound small space gjv£ off from the ir periphery 

bone-celi or osteocyte. . : 0 j n similar processes from the neigh- 

several branching processes 1 1 ^ tubular spaces, the canaliculi, 

bouring cells- The process I lacunac A Haversian canal together 

which extend outwards fro cana , icu |i forms the Haversian system. A 

with its lamellae, lacunae d between the Haversian systems. 

r „ «-»* “ z Z L *.». - 

Functions of the Endoskeicion. rigid framework to give 

ro ,e m the ^ °'^Xshape m the body. It protects the more v„a 
support and charac spinal cord, sense organs, heart and lungs. It 

organs hko the br > the attachment of muscles to make them 

furnishes a harJ Last | y it produces blood-corpusclcs. 

etfective in inoveni • - , keleton (Fig 17.2) is divisible 

Parts of the Tndoskeleton.^ and the ( appendicular skeleton 

into two main P art f • * the principal axis of the body, i.e. along the 

The axial skeleton i I > °ng ^ ^ CQnsIsts of thc skull present 

line connecting the snoui 
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in the head, vertebral column extending along the mid-dorsal line of 
the neck, trunk and tail, the sternum situated in the mid-ventral 

•> 

< 
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Sine of the thorax and the ribs on the sides of the thorax. The appendi- 
, 01 * n 5 * - ojtiiated alone the two secondary axes which cross the 

pelvic, and the limb bones. 

rFios 17 3—17 5) forms the skeleton of the head, protects 
The skull (Figs. 17. J i 1/ 3; 10 ^ and ears) aQd bounds the raouth 

-jar Vh& as? i 

^“Hoifes' At bC t he h same^me’Tnumber ofmembrane bonTarise 
superficially and get fused with the cartilage bones. 

INCISOR- 7*^ — PREMAXILLA 


nasal 


maxilla 


ZYGOMATIC PROCESS 
OF MAXILLA 


frontal 


SUPRA ORBITAL 
PROCESS OF FRONTAL 

ZYGOMATIC PROCESS 
OF SQUAMOSAL 

tympanic BULLA 

EXTERNAL 
AUDITORY MEATUS 

interparietal 



NASAL PROCESS 
PREMAXILLA 


JUGAL 


ORBIT 


— PARIETAL 


SQUAMOSAL 


SUPRA-OCCIPITAL 

Fic 17.3. The skull of rabbit— dorsal view 

• Hescriotion the skull may be divided into the 

F . or brain case * the sTnse capsules, namely, olfactory, optic and 
auditory up’per and lower ; and the hyoid apparatus. 

_ • The cranium or the brain-case forms the posterior 

J Cra “‘ U f ”he Lull and lodges the brain. It is combed of fifteen 

hollow part of the Skul g | nts< namely, the posterior occ.pital 

b °^ S ent a "h1 middle parietal segment and the anterior frontal segment 
segment, smallest of the three segments of the 

The 0CC |P i ‘ a a , “ g “ e d e aperture, the foramen magnum, on the posterior 
side. ,U Tbrough this aperture the brain and the spinal cord merge into 
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one another. This segment consists of four bones : a snp^a-occipital, 
two exoccipitals and a basioccipital. All these are cartilage bones. 
The supra-occipital lies above the foramen magnum and forms the rooi 
of the hinder part of the cranial cavity. It bears above a P ror ? 
shield-shaped projection. The exoccipitals are a pair of vertical bones 
situated on the sides of the foramen magnum. Each is proauceu 
externally into a downwardly-directed conical process, the paroccipnai 
process. The basioccipital lies below the foramen magnum and torms 
the floor of the hinder part of the cranial cavity. The occipital segment 
articulates behind with the atlas vertebra by a pair oi elevations, tne 
occipital condyles, which are formed mainly by the exoccipitals ana 
partly by basioccipital. 

The parietal segment is larger than the occipital segment. It is 
joined with the occipital segment dorsally and ventrally but is separated 
from it laterally clue to the presence of the auditory capsules and the 
squamosal bones. The parietal segment is made up of six bones . two 
parietals, an inter-pariecai, two alisphenoids and a basisphenoid. Ot these, 
the parietals and the inter-parietal are membrane bones while the rest 
are cartilage bones The parietals are bro id, almost squarish bones 
forming the roof of the middle part of the cranial cavity. They meet 
together along the mid-dorsal line by a suture- The inter-parietal is a 
small median triangular bone intercalated between the parietals and the 
supra-occipital. Tne alisphenoids are semivertical, irregular bones 
forming the ventro-lateral wall of the cranium in the parietal segment. 
Each is produced ventrally into two thin plates which meet anteriorly 
to form the pterygoid process. The basisphenoid is a median triangular 
bone united behind witn the basioccipital by a cartilage. It forms the 
floor of the middle part of the cranial cavity. It has a small aperture, 
the pituitary foramen, in its middle. 

Tne frontal segment is the largest of the cranial segments. It is 
formed of flve bones : two frontals, two orb; to -sphenoids and a pre- 
sphenoiu. Of mese, tne frontals alone are the membrane bones, the rest 
being all cartilage bones. Tne trontals are large, roughly rectangular 
boius forming tne roof and part of the sides of the anterior part ot the 
cranial cavity. Tuey meet together along the mid- dorsal line by a suture. 
The outer end of each frontal bone is produced into a crescentic process, 
the supraorbital ridge, wnich overhangs the orbit. The orbito-sphepoids 
are almost veiticui bones completing the sides of the cranial cavity. 
Tucy form the upper and hinder boroers of a large aperture, the optic 
foramen, which connects the two orbits with each other and also with 
the cranial cavity. Tne presphenoid is a median, laterally compressed 
bone forming 1 o ver and front borders of the optic foramen. It is 
attached behinj wan the basisphenoid by a cartilage. 


lhc cranial cavity is closed anterioriy by a vertical bone, the 
choi dorm plate, perloraied uy several apertures for the branches of the 
oii.uiuiy nerve*, inis pmte is formed by the ossification of the lateral 
expansions iroin the hinder end ot the mesethmoid. It is, thus, a cartil- 
Doue, 
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2 . s«.« <*«*. "b re ‘,'~i s-s 

sense organs. There are tnr p . olfactory capsules 

Xfenclo^ the r org"„ d s th of Tell! and the opiic capsu.es or the orbits 

r ° U Tt t tuS S capsufes t are situated on the sides oftte cranium wedged 
inbetween the occipital and p . ' „ e bone t he periotic. In the 

embryo, however there are three V periotic 

has two portions = Z int" aT U has, in its enter 

portion is very dense and encloses fenestra ovai is and the posterior 

wall, two small aperture^ the a { porous and visible externally. 

5,c mastoid process, lymg just 

in front of the paroccipital proces*. 

- -.incisors 


PRE MAXILLA 


PALATINE PROCESS 
OF PREMAXILLA 


PALATINE PROCESS 
OF MAXILLA 

PALATINE PROCESS OF 
PALATINES 

VOMERS 
PALATINE 
PTE RVCOIO 


ALISPHENOLD 

SQUAMOSAL- 


PAROCC^ITAL 

PROCESS 



MAXILLA 

PREMOLARS 

2 YGOMATlC PROCESS 
OF MAXILLA 

MOLARS 

presphenoid 

JUGAL 

PITUITARY FORAMEN 

basisphenoid 

•^gomatic PROCESS 
OF SQUAMOSAL 


rq ■ l • ; — ,\ -TYMPANIC J3ULLA 

' \>n7^' BASIOCC iPITAL 

yi & i %- 


i 

V 


EXOCC T PITAL"‘ 


N 







OCCrPITAL CONDYLE 
FORAMEN macnum 


SUPRAOCC1PITAI 


Fig. 17.4. The skull of rabbit— ventral view 

... m^rnhrane bone, called the tympanic, lies outside each 
A flask-hke ™ em r b ™"u en portion of tympanic is called the tympanic 
periotic. The lov.x lubu j ar part is known as the external auditory 

bulla while its upp nic> at the junction of the bulla and the 

canal. ln s ide - tympanic membrane or the eardrum during life, 

canal, is wretch ' , bu l la is the cavity of the middle ear. It 

^ommun^^e^with^the 1 pharynx through a tube called the Eustachian 
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tube. A chain of three cartilage bones : the malleus, Incus and stapes* 
pass across the cavity of the bulla. 

The olfactory capsules are situated in front of the cranium. They are 
bounded dorsally by long membrane bones, the nasals, and laterally by 
the jaw-bones (premaxillae, maxillae and palatines). The two olfactory 
or nasal chambers are separated trom each other by a median vertical 
partition, the mesethmoid. Its anterior part is cartilaginous and pos- 
terior bony. They are respectively called the nasal septum and the 
ethmoid bone. The latter joins the cribriform plate described earlier. 
The mesethmoid fits below into a groove on the upper side of a slender 
membrane bone formed by the fusion of a pair of vomers. 

Three pairs of much folded bones project into the olfactory charm 
bers from the ethmoid, nasals and maxillae. These are respectively 
called the ethmo-turbinais, the naso-turbinals and the maxilio-turbinals. 
The turbinals increase the internal surface of the capsules. 


* K A Of. H* i "i /% ! 
K^'CEoS Or FftOMTAL 


WUSPHCN'OID 
\ 

FfiONTAL 


SQUAMOSAL 

\ 

INTER-PARIETAL 


SUPRA 

external occipi ™ l 

AUDITORY MEATUS 

PERIOTrC 
POST TYMPANIC 
PROCESS 
OF SQUAMOSAL TYMPANIC 

SULLA 



OPTIC FORAMEN 

ORQITOSPHENOID 

PRESPHENOID 

-LACRYMAL 

NASAL PROCESS 

NASAL CP PR£MA3 ^ 

iaxilla 


fck ? ; \- L - 


ZYCOMAT7C PROCESS 
PA ROCCIPITAL OF SQUAMOSAL 

-’rOCKSS 


PTERYOOID 

JUGAL 


'NCZSOR 


ZYGOMATIC PROCESS • 
OP MAXILLA 


Fig. 17.5. The skull of rabbit — lateral view 


The optic capsules are two large excavations on the sides of frontal 

segment of cranium. The two arc separated from each other by a 

thin vertical partition, the interorbital septum, bearing a large apertnre, 

the optic foramen, for the optic nerves. The intercrbital septum is made 

up of the orbitosphenoid above and behind the optic foramen and of 

presphenoid below and in front. The orbit is bounded dorsally by the 

frontal ; anteriorly bv the maxilla and a small membrane bone, the 

lacrymal ; posteriorly by the squamosal and alisnhenoid ; and externally 
by the zygomatic arch. 


3. Jaws, i here are two jaws, the upper and the lower. 

The upper jaw consists of two halves or rami which meet together 
anteriorly in the middle line. Each ramus consists of~ six 
membrane bones : the premaxilla, maxilla, jugal, palatine, pterygoid 
ana squamosal, the premaxilla forms the anterior part of the 

a i* be T SC ? cke ? for the incisor teeth. It gives off a nasaS 
process on the dorsal and palatine process on the ventral side. The 
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nasal process runs backwards between the nasal and maxilla to meet 
the frontal. The palatine processes of the two sides run backwards 
side by side to form the anterior part of the hard palate. The maxilla 
is a large irregular bone situated behind the premaxilla It consists of 

a large fenestrated body and the three processes The alveolar Process runs 

backwards on the ventral side and bears the sockets for the premolars 
and molars The zygomatic process arises from the outer side of the 
body and runs backwards to form the anterior part of the zygomatic 
arctf The palatine process arises from the inner side of theb<)dyar ' d 
meets its fellow of the other side to form the middle part of the hard 
nalate The jugal is a laterally-compressed bone forming the middle 
narfof the zygomatic arch. The palatine is a thin, nearly-vert.cal bone 
Kinc above and behind the alveolar process of the maxilla. From its 
imerior end it sends inwards a horizontal process, the palatine process 

winch ‘^ug ^g^yooS^ls^also^ vertical bone lying behind the 

hard palate- T P V yg f bas j sp h e ,ioid and the alisphenoid The 
palatine at the J"“ re °‘ , ar b P ne lying on the lateral side of the 
squamosal is a 1 g .« u ives off tlV0 processes. The zygomatic 

cranium in front ot the P ro f - h t erior part of the zygomatic 

process runs fo ™ a ^X s id e an articular facet for the lower jaw. The 

S r rro„ ,b= hi.d e„d ,„d 

Send’, downwards bnhind l>« WW™- 

MOLARS 


PREMOLARS 


CORONOrD 

PROCESS 


INCISORS 



ANGULAR 

PROCESS 


INPERlOR DENTAL 
FORAMEN 

Fig. 17.6. The lower jaw of raboit 
,r; 1T i 7 61 consists of two halves or rami which are 
The lower jf" ^ g t he middle line. Each ramus is a single, large, 
united anteriorly 1 f membrane bone known as the dentary. 1 he 

triangular, vert.ca plate of membra ^ ^ & fof he 

anterior h a ' f . of , a „ d a ^ ra i sockets for the premolars and molars 
incisor tooth in front a terior ha jf of the dentary is much thinner 

some distance beh * • s , P the condyle, the coronoid and the an C ular - 
and bears three p ® int on the dentary and articulates with the 

The condyle is the hignes P ^ The coronoid process is the 

zygomatic P r0 ^ 5i d in fron [ of the condyle and forming the outer 
inflected ridge si,uab - d 1 1 , he grinding teeth and the condyle. The 

angular* p rocesutes 6 at^hsfpos'tero-ventraf angle of the dentary. 
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4. Hyoid Apparatus. The hyoid apparatus (Fig. 17. 7 ) lies in the floor 
of the hinder part of the buccal cavity between the two rami of the 
lower jaw. It consists of a median bony plate, the body or basihval, 
which bears two pairs of backwardly-directed processes, the shorter 
anterior cornua and the longer posterior cornua. 

U. Vertebral Column 

The vertebral column or the backbone is a idtjar rigid rod extending 

along the mid-dorsal line of the 
neck, trunk and tail. It consists 
of a row of several movably arti- 
culated bony rings, the vertebrae, 
which enclose a cavity the neural 
canal, to house the spinal cord. 
The vertebral column supports 
the body, protects the spinal cord 
and all the viscera are hung 
from it. 

There are about forty -five 
vertebrae divisible into five distinct 
types, namely, seven cervical 
vertebrae in the neck, twelve or 
thirteen thoracic vertebrae in the thorax, six or seven lumbar vertebrae 
in the abdomen, three or four sacral vertebrae in the hip region and 
about sixteen caudal vertebrae in the tail (Fig. 17.2). All the vertebrae 
have the same basic structure though many have a few individual 
characteristics of their own. 

Basic Structure of a Vertebra. A vertebra, as mentioned earlier, is a 
bony ring enclosing the neural canal. The ventral part of the ring, i.e. 
the floor of the neural canal, is greatly thickened and is called the 
centrum or the body (Fig. 17.10). The remaining part of the ring 
forming the sides and roof of the neural canal, is much thinner and is 
called the neural arch. The centrum is flat both anteriorly and posteriorly 
and is called acoelous. It bears in front and behind thin bony discs, the 
epiphyses, which develop from independent centres of ossification but 
fuse with the centrum later on. Between the centra of the adjacent 
vertebrae are elastic pads of libro-cartilage, the intervertebral discs, to 
make the vertebral column flexible. 

The neural arch consists of a pedicel or root on either side forming 
the lateral wall of the neural canal and the lamina forming the roof of 
the neural canal. The anterior and posterior margins of the pedicel bear 
notches, the inter-vertebra! notches. The inter-vertebral notches of the 
preceding and succeeding vertebrae together form rounded apertures, 
inter-vertebral foramina, for the exit of the spinal nerves. The neural 
arch bears dorsal ly a median process, the neural spine, and laterally a 
pair of projections, the transverse processes. These three structures 
provide surface f-.r the attachment of spinal muscles and ligaments. 
The neural arch bears anteriorly and posteriorly short, paired processes 
for articulation with the adjacent vertebrae. These are called the 
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Fig. 17.7. The hyoid apparatus of 
rabbit 
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yygapophy.es or ,t» 5=5 

or the prezygapophyses face upwards and f ” e downwards. The 

zygspophyseslkeep ° he^ertebra? in pi, ion by limiting their movements 
on each other. 

1. Cervical Vertebrae. T h e . , C ® £ u raf s pines ^ Tusi o f t h e* reduced 
characterised by thin centra ; short J? Dr o Cesse s ; and the pre- 

cervical ribs with the centra and t '[^rteria? foramina, between the 
sence of paired apertures, tl . rit)S . jj ie vertebrarterial 

neural arch, transverse ProMsses t0 „ et her form a longitudinal 

?“ 3 thl vertebra r ter i a 1 C c a n a £ 'em* el t h e^s id e to lodge the vertebra. 
^ The first and the second cervical vertebrae - J-ial.y ( modified to 

seventh^is^gafnshgMI^modified to afford articulation first pa.r 

of thoracic ribs. 


neural arch 


transverse 

process 



NEURAL SPINE 

VERTEBRARTERIAL 
CANAL 


facet for odontoid FACET for axis 
process 

. » The atlas vertebra of rabbit-dorsal view 

Cl 1 / iO* A - 

_ /pjp 17 8) supports the head and bas been 
The atlas vertebra (b g ' t w ho was believed to support the earth 
named after the mythtca ring . like as compared to others. The 

on the shoulders. It 1 ed as during development the major part 

antrum is considerably r the atlas ; and gets fused with the axis, 

of the centrum separates fro and divided by a transverse ligament into 
The neural canal is very J>de and a. * inal ^ {he lower 

two parts, the upper larger contain. ng ^ The neural sp ,ne is 

smaller having the odon P processes are in the form of broad 

very inconspicuous The which in reality are the cervical 

horizontal plates, the g rE ra t e d dorsally by a pair of minute a P e f' 
rib*: The neural arch , is jf f'^^es enter the neural canal and the 
, ,rnc through which the e The anterior face bears two large 

g rst pair of spinal "^ujafionwith the occipital condyles of the skull, 
concave facet i for artl F. u 'f£" k „,, * d down or nodding move- 

This articulation provides ** ' r 7or face has three facets, two lateral for 

ment on the atlas, me f 
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articulation with the axis vertebra and one median for the odontoid 
process. 

The axis vertebra (Fig. 17.9) gets its name from the fact that during 

neural spine the side to side or turning move- 
ments of the head, the skull and. 
the atlas together rotate round 
the odontoid process, which, thus 
acts like an axis. Its centrum is 
well-developed and carries in front, 
a peg like odontoid process, which' 
is in reality the centrum of the 
atlas. The neural spine is in the- 
form of a prominent vertical ridge 
which extends beyond the neural 
canal in front and behind. The 
transverse processes are very small.. 


P05TZYGA- 
POPHYSIS 



ODONTOID 

PROCESS 


VERTEBRAE TERJAL 
CENTRUM CANAL 

Fig. 17.9. The axis vertebra of 
rabbit — lateral view 


uauj V V1JV piUVVJJVJ V ^ *-*-**-•*»« 

There are no prezygapophyses. The anterior face bears two large facets 
for articulation with the posterior lateral facets of the atlas. 

The typical cervical vertebrae have double transverse processes (Fig 0 

17.10). 


NEURAL SPINB 



CENTRUM 

Fig, 17.10. The typical cervical vertebra 
of rabbit— anterior view 

The seventh cervical vertebra is modified. Its neural spine is longer 
than that of the other cervicals. The centrum bears on its posterior 
face a pair of half facets where the first pair of thoracic ribs partly 
articulate. The transverse processes are not double. 


rv 

1 


2 Thoracic Vertebrae. The thoracic vertebrae arc modified fo* 

proyidmg articulation to the ribs. In the anterior nine thoracic vertebrae 

• * 11)> centrum bears on its anterior and posterior faces a pair 

ot hall facets which together with similar half facets on the preceding 

and succeeding centra form the capitular facets for the articulation of the 

capitula oi the rib.. The transverse processes are short and horizontal, 

eacn bearing on its underside an articular surface, the tubercular facet, 

for tne articulation of the tuberculum of the rib. The neural soines are 

long, s lender and backwardly directed. The neural arches bear notches 
below the zygapophyses. 
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In the posterior three or four thoracic vertebrae, the centrum bears 
capitular facets only on its anterior face. These facets receive whole of 
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CENTRUM , . 

Fia 17 11 The fourth thoracic vertebra of rabbit-lateral view 
Flg- 17 ' rtmnlete facets The transverse processes lack 

the ribs because th ^ not forked in this region. The neural 

tubercular facets as the ribs ‘ vertebra projects upwards and those 

sp«nes are short. That of the ds Additional processes, called 

pre Z; gapopn y ses. The -apophyses 

tne meian f * n ; n th vertebra also. 

may occur the n neural spine 

POSTZYGAPOPKYSIS MET APOPHYSIS 


ANAPOPHYSIS 
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HYPAPOPHYSIS 
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TRANSVERSE 
PROCESS 

. . 7 12 The lumbar vertebra of rabbit-lateral view 

p18 ’ ’ . /C oc 17 1? and 17 13). The lumbar vertebras 

3. Lumbar Vertebrae Ftg T 7. 12 ^.13). 


li m f"S beTore back",* 

!i e last but one being the 
^ Let Their centrum is very 

jr^t h ree Le rt ebr a^a ' id v & e nt nd 

vards The neural spines face 
Zwaid The transverse pro- 
■esTes are directed forwards, 

iownwards and outwards They 
lave slightly expanded tips 
vhich represent vestigial ribs 
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Flc. 17.13. The lumbar 

vertebra— anterior view 
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fused with them. The neural arch bears in front a pair of large 
upwardly directed processes, the metapophyses, above the prezygapo- 
physes and behind a pair of small backwardly- directed projections, 
the anapophyses, below the postzygapophyses. 

4. Sacral Vertebrae. The sacral vertebrae are fused to form a single 
composite structure, the sacrum, for giving rigid support to the pelvic 

girdle (Fig. 17.14). The 
first sacral vertebra (Fig. 
17.15) has greatly ex- 
panded transverse proces- 
ses which are immovably 
joined to the ilia (the 
plural of ilium). The 
second sacral vertebra 
also meets the ilia. These 
two vertebrae are, there- 
fore, considered as the 
true sacral vertebrae. The 
remaining sacral vertebrae 
are, in reality, the anterior 
caudal vertebrae which have fused with the true sacral vertebrae. They 

have no direct connection with the pelvic girdle. The first sacral 

vertebra, besides having large transverse processes, also possesses a 

broad centrum, a vertical neural spine, short metapophyses and a wide 

neural canal. All these parts, except the transverse processes, can be 
made out in the remaining sacral vertebrae also. 

5. Caudal Vertebrae. The caudal vertebrae (Figs. 17.2 and 17.16) 
gradually decrease in size and lose their processes from before back- 
wards. Ultimately their neural arches also disappear, leaving only the 
centra. Consequently near the base of the tail they are hollow cylinders 
and towards the tip solid rods. 



Fig. 17.14. The sacrum of rabbit— dorsal view 
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17.15. The sacrum of Fie. 17.16. The caudal vertebra of 

rabbit-anterior \iew rabbit-dorsal view 


HI. Ribs (Costae) 

The ribs are slender curved bars which movably articulate with 
thoracic vertebrae above and unite with the sternum below to form the 
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skeletal framework of the thorax This framework protects the thoracic 
viscera and aids in respiration. There are twelve, sometimes thirteen. 
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transverse process (Fig. 17.11). The remaining ribs are unforked and 
their ends or capitula articulate with the capitular facets present on the 
centra of the corresponding vertebrae. Except the first and the last 
four pairs of ribs, there is a small projection above the tuberculum for 
the attachment of ligaments. 

The sternal part is ventral, smaller and cartilaginous. It is directed 
inwards, downwards and forwards. The sternal parts in the first seven 
pairs of ribs are directly connected with the sternum below. These are 
called the true ribs. The next two pairs of ribs are ventrally attached 
to the seventh pair and are called the false ribs. The last three pairs 
are free ventrally and are known as the floating ribs. 

IV. Sternum 

The sternum (Fig. 17.17) is a long, slender rod situated in the 
mid-ventral line of the thorax. It consists of seven bony pieces, the 
sternebrae, lying in a row one behind the other. The first sternebra is the 
largest and is called the manubrium. It is slightly expanded anteriorly 
and is produced ventrally into a longitudinal ridge or keel. The next 
four sternebrae are almost equal in size. The sixth sternebra is very 
small and sometimes invisible in the dried skeleton. The seventh 
sternebra is called the xiphisternum. It is long and slender, being 
next to the manubrium in size. It bears posteriorly a broad horizontal 
plate of cartilage, the xiphoid cartilage. 

The anterior seven pairs of ribs articultate ventrally with the 
sternum. The first pair joins the manubrium at about the middle of its 
sides. The succeeding six pairs articulate at the joints between the 

sternebrae. 

V. Girdles. 

1. Pectoral Girdle. The pectoral or shoulder girdle of rabbit is 
greatly modified from its primitive structure which encircled the thorax 
for the protection of the lungs and the heart. It has lost its protective 
function due to the presence of ribs and serves to transmit the body 
weight to the limbs as the body is raised from the ground. The two 
halves no longer form an arch but separate. The term “girdle” is. 
thus, a misnomer here. 

It lies obliquely outside the ribs and is attached to the axial skeleton 
only by muscles and ligaments. It consists of two main elements : the 
scapula and the clavicle (Fig. 17.191. The scapula is a thin, fiat, 
triangular bone with its apex directed downwards and forwards and 
the base facing upwards and backwards. The apex bears a shallow 
pit, the glenoid cavity, where the head of the humerus articulates. The 
base bears a strip of cartilage, the supra scapula. The outer surface 
of the scapula bears a prominent longitudinal ridge, the spine, which 
is continued downwards as a narrow process, the acromion. The latter 
is free from the scapula. The acromion sends backwards another 
process, the metacromion. The spine, acromion and metacromion serve 
for the insertion of muscles. Overhanging the glenoid cavity is a hook- 
like coracoid process. This is a distinct bone in the young rabbit. 
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The clavicle is a slender curved bone attached by ligament to the 
manubrium of the sternum SUPRA SCAPULa 

« « A.1. - I 


at one end and to the 
acromion process of the 
scapula at the other. 

The fact that the 
pectoral girdle is embedd- 
ed in the muscles and is 
without a bony joint with 
the axial skeleton makes it 
quite springy. This supp- 
leness of the girdle reduces 
the shock of landing on 
the fore-limbs after a leap. 

2. Pelvic Girdle. The 
pelvic or hip girdle 
is well-developed (Fig. 

17.20). It consists of two 
halves which firmly arti- 
culate above with the 
sacrum and unite with 
each other in the mid 
ventral line. Their union 
is termed the symphysis. 
Each half of the girdle is 
usually called as innomina- 
tum or innominate bone 
and encloses a wide aper- 
ture, the obturator fora- 
men. The right and left 
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Fig. 17.19 The left pectoral girdle 
of rabbit — outer view 
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cectively. Each innominate consists of three components : the ilium 
Fhe ischium and the pubis, which lose all demarcations between them m 
toe adulT A deep cup-shaped cavity, the acetabolun^ is join y °rrned 
by all the three bones of the innominate near the middle ot its ou er 
surface. The acetabulum lodges the head of the femur. 

The ilium forms the anterior part of the innominate. It is narrow 
behmd and e^pandTd in front to art.culate with the sacrum. It forms 

nearly half of the acetabulum. 

The ischium forms the posterior and dorsal boundary of the obtura- 
tor foramen. Its hinder end is expanded and thickened to form the 
ischial tuberosity. It forms about one-third of the acetabulum. 

The pubis forms anterior and ventral border ot the obturator 
foramen. The part of the pubis which shares in the formation ot the 
acetabulum develops from a separate centre of ossification and is oft« n 
called the cotyloid bone. It can be seen as a distinct bone in the skele- 
tons prepared from the young animals. 

The strength and rigidity of the pelvic girdle enable it to success- 
fully withstand the thrust of the hind-limbs during jumping, while it- 
position parallel to the backbone and its fusion with the ena ° le 

u to transmit the thrust of the hind-limbs to the axis of the body with- 
out any loss of force. 


VI. Bones of the Limbs 

1. Fore-limbs. Each fore-limb has 30 bones, namely, humerus in 
the upper arm, radius and ulna in the fore-arm, 8 carpals in the wnst p 
5 metacarpals in the palm and 14 phalanges in the fingers. 


bicipital 
. GROOVE 




t ig. 17.21. The humor ..s of rabbit A. Anterior view. B. Posterior view. 

The humerus (Fig. 17.21) is a long, stout bone differentiated into a 
smooth rounced head at the proximal end, a slender curved shaft in the 
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17.22. The bones of 
the left fore arm of rabbit 
lateral view. 
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middle and a broad pulley-like trochlea at the distal end. The head 
articulates with the glenoid cavity of the scapula, forming a ball 
socket joint. Just in front of the head are two 
elevations : the lesser tuberosity (which is the 
larger) on the inner side and the greater 
tuberosity on the outer side. Between the two 
tuberosities is a groove, the bicipital groove. 

The shaft bears on its anterior convex surface 
a sharp ridge, the deltoid ridge. The tubero- 
sities, the bicipital groove and the deltoid 
rid^e are meant for the attachment of 
muscles. The trochlea articulates with the 
bones of the fore-arm to form the elbow 
iolnt Just above the trochlea on either side 
there is a depression called the supratroch- 
lear fossa. The posterior supratrochlear 
fossa is larger and accommodates the olecra- 
non nrocess of the ulna. It is, therefore, also 
known as the olecranon fossa. The anterior 
supratrochlear fossa is smaller and is 

described as the coronoid fossa. The 
describe coronoid fossae communicate 

fi“2b Otter by «o aperture, the supralroetle.r for.meu. 

The ratio, and 

each other all along their length 
(Fig. 17.22). They cross each 
other In such a way that then- 
proximal halves lie behind each 
other and the distal halves side 
by side. They are permanently 
fixed in this condition so that 
the palm of the hand always 
faces downwards with the thumb 
pointing inwards. 

The radius is shorter than the 

ulna. Its proximal half lies in 

front of the ulna and the distal on 
thepreaxial or inner side ot the 
ulna. Its upper end is slightly 

broader and articulates withtbp 

trochlea and the ulna both. 1 he 
lower end is much expanded and 
articulates with two carpal bones. 

The ulna is prolonged beyond 

(manus)^of raK-al ofecr^on pro^wCh bears a 


RADIUS 
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deep notch, the sigmoid notch, on its anterior side. The sigmoid notch 
articulates with the trochlea. The distal end of the ulna is unexpanded 
and articulates with one carpal only. 

The carpals are eight small bones in the wrist (Fig. ] 7.23). They are 
arranged in two rows : the proximal and the cistal. The proximal row 
has three carpals : the radiale or scaphoid, the intermedium or semilunar, 
and the ulnare or cuneiform. The radiale lies on the preaxial side and 
articulates with the radius. The ulnare lies on the postaxial or outer 
side and articulates with the ulna. The intermedium lies between the 
two and articulates with the radius. The distal row comprises five 
carpals of which the middle one is called the centrale. It actually 
belongs to the middle row of carpals. The remaining four carpals are 
the true distal carpals. The first distal carpal or trapezium is squarish 
in outline and lies on the preaxial side of the wrist. It supports the 
first metacarpal. The second distal carpal or trapezoid is smaller and 
supports the second metacarpal. The third distal carpal or osmagnum 
is the smallest in the row and supports third metacarpal. The fourth 
and fifth distal carpals are fused to form the largest bone in the row, 
the unciform. It supports the fourth and fifth metacarpals. 

Besides the above-mentioned true carpals, the wrist also bears a 
small sesamoid bone on its underside. It is called the pisiform and 
Articulates with the ulna and ulnare. 


The metacarpals (Fig. 17.2 3) are long slender bones of unequal size. 
They support the palm. 


The phalanges (Fig. 17.23) support the digits. The first or the pre- 
axial digit, called the pollex, is the shortest and contains only two pha- 
langes. All other digits have three phalanges each. The terminal pha- 
lanx of each digit is pointed and curved to support the horny claw 
on it. 


Small nodule-like sesamoid bones are found on the underside of the 
digits in connection with the joints between the metacarpals and the 
first phalanges nnd also between the second and third phalanges. They 
afford extra strength to the digits during burrowing. 

The rabbit cannot rotate its fore-arm as man can do. Therefore, its 
hand is fixed in pronate position, i.e. with the palm facing downwards, 
and cannot be placed in supinate position, i.e. with palm upwards. 
Pronate condition gives t lie hand greater strength durina burrowing. 
The hands touch the ground with the digits only. This fact together 
wiih the bend at the elbows of the fore-limbs reduces considerably the 
shock of landing on the ground after a leap. 

2. Hind-limbs. Each hind-limb has 25 bones, viz. femur in the 

... | ^ ^ in the ankle, 4 metatarsals 

in the instep and 12 phalanges in the toes. 


The femur (Fig. 1 7.24) has a long, stout, curved shaft which is some- 
what expanded at either end. The proximal end bears a smooth round- 
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ed head and three rough projections : the greater, lesser and third tro 

ml 1 _ — J » Aiilntnr \INtU flip /• — ^ r^flEAT 


cu utau C ilivi o-- XT - , , 

chanters. The head articulates with the 
acetabulum of the pelvic girdle to form 
the hip-joint. The greater trochanter 
lies right at the upper end of the shatt, 
the lesser trochanter just below the 
head and the third trochanter below the 
greater trochanter on the outer side ot 
the shaft. There is a deep pit, the 
trochantric or digital fossa, between the 
greater trochanter and the head on the 
posterior side of the bone. The troch- 
anters are meant for the insertion of 

muscles The distal end of the femur 

shows two large condyles enclosing a 
deep notch, the intercondylar groove 
between them. The condyles articulate 
below the tibia. The intercondylar 
groove is continuous round the edge ot 

the bone with another groove, the 

present on the front 
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SHAFT 
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Fig. 17.24. Left femur of 
rabbit— anterior view 
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side of the bone 
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AJarge sesamoid bone, the patella or ^ nee h ^ p ’ 

in the patellar groove. It is attached to the 

tibia by ligaments. 

The tibia and fibula, which support the 
leg, are fused together in their distal hah es 
to make the hind-limbs more rigid (Fig. 

(17 25). 

The tibia is a thick, strong, straight bone 
lying on the inner side. It is the longest 
bone in the body. On the top of its proxi- 
mal end. it bears two concave facets for arti 
culation with the condyles of the femur A 
prominent longitudinal ridge cnem ml crest 
is developed on the proximal half of its 
anterior surface. Its distal end has 
articular surface for the astragalus. 

The fibula is a very thin and weak bone 
situated on the outer side. lts proximal free 
end articulates with the tibia while the d s a 
. , ft end, which is fused with the tibia, articulates 

Pip. 17 , 25 . Bones of the leu with the calcaneum. 

leg® or shank of rabbi jx jn (he ank]e They 

The tarsals (Fig. 17.2 ) nroximal middle and distal The 

are arranged in three to s • . P he i nner ’smaller astrag-lus and the 

W-ESSm** art* ssJttfs 

um articulates 
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into a strong calca neai process to form the heel. 

The central row has only one tarsal called the centrale or navicular. 

has shifted from its normal 
position to the inner side of 
the tarsus so that it lies just 
in front of the astragalus. 
It bears a long forwardly 
projecting process on the 
ventral side of the tarsus. 

The distal row is made 
lip of three tarsals. The 
first distal tarsal or entocu- 
neifonn is missing due to 
the absence of the first digit 
or hallux. The second distal 
tarsal or meso cuneiform is 
the smallest in the row and 
supports the second meta- 
tarsal. The third distal tarsal 
or ectocuneiform is large 
and supports the third meta- 
tarsal. The fourth and 
fifth distal tarsals are fused 
to form the largest bone in 
the row, the cuboid. It 
supports the fourth and 
fifth metatarsals. 

The metatarsals (Fig. 
17.26) are four (second to 
fifth) long slender bones of 
variable size in the instep. 
The inner or second meta- 
tarsal sends a process from 
its proximal end to meet 
the centrale. The process 

is a distinct bone in the young rabbit and is thought to represent the 
missing first distal tarsal and the first metatarsal of the adult. The fifth 
metatarsal shows an outwardly-directed projection at its proximal end. 

The phalanges (Fig. 17.26) are twelve small bones, three in each 
digit. The terminal phalanx of each digit is pointed and curved to 
support the horny claw on it. 

Small nodule-like sesamoid bones are developed on the underside of 
the foot in connection with the joints between the metatarsals and the 
first phalanges and also between the second and third phalanges. 

As compared with the hand, the entire foot meets the ground during 
progression. Large surface of the feet in contact with the ground 
together with the long segments of the hind-limbs bent like a spring (Z)„ 
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Fig. 17.26 Bones of the left hind-foot of 
rabbit — dorsal view 
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on sudden straightening of the limbs for 
leaping. table 8 nAnn ._ 

SUMMARY OF BONES OF RABBIT 


Skull 



Occipital 

Segment 


Parietal 

Cranium 

Segment 


Frontal 

Segment 


Auditory 

Capsules 


1 


1 

2 

2 

1 

1 

2 

2 

1 


Basioccipital 
Exoccipiials 

Supraoccipitsd _ 
Basisphcnoid 
Alisphenoides 
♦Parietals 
♦ Interpar ietal 

Presphenoid 

Orbitosphenoids 
♦Frontals 
Cribriform plate 


2 Periotics 


2 ♦Tympanies 
6 Ossicles 


— below foramen magnum 
—on sides of foramen 
magnum. 

— above for amen magnum 

— ventral, triangular 
—lateral, wing-like 
— dorsal, squarish 
— do rsal, v ery small 

—ventral, laterally- 
compressed 
— lateral 

— dorsal, rectangular 
—anterior, vertical, 
perforated 
-each 


parts : 
outer 


parts : 
upper 


Sense 

Capsules 


Olfactory 

Capsules 


2 

1 

1 

6 


Nasals* 

Vomer* 

Mesethmoid 

Tubinals* 


Optic 
__ Capsules 


Jaws 



•Lacrymals 

★I’remaxillae 


2 ♦Maxillae 


with two 
inner petrous, 
mastoid 

— each with two 
lower bulla, 
meatus 

—I malleus, I incus and I 
stapes in each bulja 

—dorsal 

—mid-ventral, two fused 
into one 

—median vertical partition 
—folded, project into 

nasals chambers 

— very small, at antero- 
dorsal angle of orbit _ 
— anterior, bear incisors, 
each with upper nasal 
and lower palatine 
processes 

— irregular, fenestrated, 
bear premolar and 
molars, each with 
alveolar, palatine and 
zygomatic processes, 
—laterally compressed bones 
in the zygomatic arches 
— each with palatine process 
— behind palatines 
— irregular, in front or 
auditory capsule, each 
with zygomatic and 
posttympanic proce sses 
—vertical, triangular 

plates, each with con- 
dyle, coronoid process 

and angular proces s 

- —supports throat. bears 

Basihyal '° ne 

bones. 


2 *Jugals 

2 * Palatines 

2 ♦Pterygoids 
2 *Squamosals 


2 *Dcntaries 


Lower Jaw 


Hyoid Apparatus 
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Vertebral Column 

(about 45 vertebrae in all, all 

amphiplatyan, with epiphyses 

7 Cervical Vertebrae— transverse processes 

pierced by vertebra r- 
terial canals, support 
neck. 

12 Thoracic Vertebrae— centra bear capitular 

facets for ribs, slender, 
support thorax 

6 or 7 Lumbar —transverse processes 

Vertebrae directed downwards 

and forwards stout, 

support abdomen 

3 or 4 Sacral Vertebrae — fused to form sacrum 

to support hip region 

16 Caudal Vertebrae— small, gradually become 

reduced backwards, 

support tail. 

Costae or Ribs 
(12 Pairs) 

7 True Ribs — articulate below with 

the sternum. 

2 False Ribs —articulate below with 

the 7th pair of ribs. 

3 Floating Ribs — free ventrally. 

Sternum 

7 Sternebrae — small bony rods of 

different size, form mid- 
ventral axis. 

1 Xiphoid Cartilage— broad plate behind 7th 

sternebra. 

Pectoral Girdle 

1 Scapula —a broad triangular Plate with 

cartilaginous supra-scapula above 
and glenoid cavity below, 

bears a spine and three processes 2 
coracoid, acromion and meta- 
cromion. 

1 Clavicle— a slender curved rod 

Fore- 

limb 

Upper arm 

(Brachium) 

i Humerus — a stout rod with head, shaft and 

trochlea. 

Fore-arm 

(Antebrachium) 

1 Radius — shorter, pre-axial 

1 Ulna — longer, post-axial, with 

olecranon process and sigmoid 
notch 

Hand 

(Manus) 

j 

Wrist 

(Carpus) 

8 Carpals — 3 proximal carpals (radiale, inter- 
medium and ulnare), I centrale and 

4 distal carpals 

1 Pisiform — a ventral sesamoid bone 

Palm 

(Metacarpus) 

5 Metacarpals— slender bones of unequal 

size 

Fingers 

(Digits) 

15 Phalanges — 2 in pollcx, 3 in each of the 

rest 

00 Sesamoids— small nodules on the underside 

at the joints 

Pelvic Girdle 

(Innominate) 

* 

1 Ilium — forms antero-dorsal part 

1 Ischium — forms postero-dorsal part 

1 Pubis — forms anterior ard ventral 

borders of obturator foramen 
(all the three form acetan 

bulum). 
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1 Femur —a stout bone with 

trochanters, shaft 
condyles. 


head, 

and 


Shank 


1 Tibia 
1 Fibula 
1 Patella 


— thicker, pre-axial, with 

cnemial crest. 

—slender, post-axial, 
with tibia distally. . 

— a sesamoid bone 
knee-joint in front. 


fused 

covering 


Hind- 

limb 


6 tarsals 


Foot 

(Pes) 


Ankle 

(Tarsus) 


—2 proximal tarsals (astragalus 
and calcaneum), 1 central 
tarsal or centrale, 3 distal 
tarsals. 


Sole or Instep 
(Metatarsus) 


4. Metatarsals — slender bones of unequal 

size. 


Toes 

(Digits) 


l? Phalanges — 3 in each digit. 

Sesamoids -small nodules on the under- 
side at the joints. 
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TEST QUESTIONS 


J 

. - . reD i a cing bones’, and ‘sesamoid bones*. Give 

1 . What are ‘membrane bones , r P 

examples of each kind. f rabbit . what are the girdles meant for ? 

2. Give an account of the giro . Na me the various types ot 

3 . Describe '^ b| 5f sie 0 g?gSSsltaiul.hln f Characters of each kind, 

vertebrae found in rabb . skeleton of thorax in rabbit. 

t kssk «- r^r umb of rabbit - 

* structure of the matnma.ian bone. 
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Oryctolagus cuniculus 


(The Rabbit) 


#* 

DIGESTIVE SYSTEM 



The primary function of the digestive system is to provide food to 
ihe body tissues for use in growth, maintenance and production of 
energy. Besides this, a small anterior region of the system (pharynx) 
forms a part of the respiratory system and some parts of the system 
, remove unwanted materials from the body. 

Morphology of Digestive System 

. . The digestive system can be divided for the sake of convenience 
m description into two main parts : the alimentary canal or digestive 
tract, in the cavity or lumen of ' which the food is digested and the 
digestive glands which provide important secretions for digestion. ' 

* 4 • y , The alimentary canal is a long, coiled tube 

of varying diameter (Fig. 18.4). It is suspended in the body-cavity or 
eoelom from the dorsal body-wall by a double fold of peritoneum It is 
complete and consists of several organs which, in sequence from before 
backwards, are : mouth, vestibule, buccal cavity, pharyny, oesophagus 
stomach small intestine, large intestine and anus. Of these, the vesti- 
bule and buccal cavity are lined with ectoderm and form the stomodaeum 
posterior part of the large intestine (rectum) is likewise lined with 
ectoderm and constitutes the proctodaeum ; while the rest are lined with 
enooderm and form the mesodaeum. 


U) Mouth. T lie mouth is a relatively small transverse slit at the 
„ower or anterior end of the head. It is bounded by two soft, movable 
and hairy lips : upper and lower. The lips are covered with skin on the 
outside and lined filth mucous membrane on the inside. '-The upper lio 
termed the hare lip. has in its middle a verticle cleft which connects the 
mouth with the external nares above and exposes the front upper teeth. 

(//) Vestibule. The vestibule is a narrow space enclosed between 

the bps and cheeks externally and gums and teeth internally. Its lining 
contains mucous glands. y 5 umn g 

palate (Fi-* 18 1 f avil - v is bo ™ded above by the 

palate (big... Ib.i & 18.2). oelow by the throat and on the sides bv the 

W .^ he anten0r p . ar£ palate is strengthened by bony processes 

^bones and is called hard palate. It has transverse ridges the 
‘" 8ac - At ‘= anterior end. ,t „ perforated by a pair of openings, Ihe 
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BRAIN 


SOFT PALATE 


TRACHEA 


PHARYNX 


nasopalatine canals, which connect the buccal cavity with the nasal 
chambers above. The posterior part of the palate is smooth and fleshy 
and is termed the soft palate. The hind free end of the soft palate hangs 
down as a small flap, the uvula. Many small mucous glands are located 
on the palate. The buccal cavity contains a few important structures 
like the tongue, teeth and openings of salivary glands. 


TURBINALS 
NASAL CHAMBER 


AIR PASSAOl 


HARD PALATE 


UPPER LIP 


UPPER INCISOR 
UT' -VEP INCISOR 


LOWER L I? 


SUBLINGUAL 
SALIVARY GLAND 


. \ y\ LARYNX 
EPIGLOTTIS 


SUBMAXILLARY 
SALIVARY GLAND 


OESOPHAGI ,3 


fig. 18.1. Sagittal section of the head of the rabbit 

, \ Tuiieue The longue is a long, highly muscular organ attached 
to the floor of the buccal cavity along the greater part of its length. _ Its 
? ° * i “ ...j :<• free and capable of slight protrusion. The posterior half 
a ftWoncue is hard and bears laterally two pairs of large papillae, the 

°- f th !ivjllate nf>r :Map near the hind end aDd the f0liate P apil, ? e near ,he 

I,r aZ Eachcircumvallate papilla is surroundetTTiyintnSnch. The 
jniddle. F tongue is soft and bears numerous small finger like 

an,e -i!^ on the edges and the tip. All the papillae contain taste buds. 

£ aP -d« being an organ of taste, tbe tongue also aids m chewing by 

obfeina the food in position under the teeth and helps in swallowing by 

pushing the food-bolus backwards. It also bears mucous glands. 

,, Tce ,h The teeth are present in both the jaws (Figs. 17.2, 17.4 

9 -j They are embedded in sockets or alveoli of the jaw bones 
an <? 18 ’ ae scribed as th Their number is fixed and they are 
aDd f red in two sets : the milk teeth and the permanent teeth.' The milk 
P r °? u 0 re developed early in life and are s oonre placed by the permanent 
« e etn a teet £ G f ra bbit are_,_t]ius^diphyodont. they are also hetero- 

o they are differ entiated in to various types, viz. incisors, premolars 
— TEFiHHsors or the cutting teeth have' sharp' cutting edges 
a occur at the anterior tips of the jaws. Behind tbe incisors is a wide 
f^thiess space, the diastema. "This place is'; .occupied by pointed teeth, 
canines in other mammals. The prejnolars and molars, both called 
the grinding teeth, have broad tops and are located further back in the 
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jaws. They are similar except that the molars lack milk predecessors. The. 
upper jaw bears two pairs of incisors, three pairs of premolars and three 
pairs of molars. The lower jaw has only one pair of incisors, two pairs.of 
premolars and three pairs of molars. The four incisors of the upper jaw 
are in two rows, two larger ones in the front row and two shorter one& 
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Fig. 18.2. Buccal cavity and pharynx of rabbit 

in the hind row. The mammalian dentition is expressed by a dentaH 


0 

0 


* > 3 ~ 

, pm ~ , m — =28. The 


formula which for the rabbit is - Q , ^ ^ 

letters /, c, pm. and m refer to the incisors, canines, premofars and 
molars respectively. The figures above and below the lines indicate the 
number ot teeth in one half of the upper and lower jaws. The formula 

thus, gives half of the total number of teeth. This is doubled to deter- 
mine the true number. 


A tooth (Fig IS. 3) is lormed of a hard substance called dentine 
or ivory and consists of three regions : the ‘crown or the exposed 
region, the neck or the region embraced by the gums and the root witb 
one or more fangs embedded in the socket.- The crown is covered by a 
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white shining enamel while the neck and the root are enclosed by 

cement. In the 
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EMENT 


^ d 

OPENING OF 
PULP CAVITY 

Fig. 18.3. Vertical section 
of a tooth of rabbit. 


cement. ' In* the centre of the tooth there is 
with connective tissue, blood-vessels 
and * nerves. The pulp cavity has an 
aperture at the base. The aperture remains 
open permanently to enable the tooth to 
continue its growth throughout life. Such 

teeth are said to be “rootless or with 
persistent pulp. 

(/,) Pharynx. The pharynx has two 
carts : the upper nasopharynx and the 
lower— oropharynx. The tormer has a 
common aperture of the internal nares m 
front and the openings of the Eustachian 
tubes on the 1 sides. The oropharynx 
rp reives the buccal cavity and lead^ 
posteriorly into the food pipe or oesophagus 
dorsalty and the voice-box or larynx 

S 25 &-? ‘ulSK l^Xtna- 

!mry US o fl f aP fooa ST ThrXryn, 

contains in its wall the muscles that initiate 
swallowing movements. 

(v) °esophagus. Tte OTSophapis is^ backwards through 

a long, narr °Yh e thorax pierces the diaphragm to enter the abdomen, 
the neck and the thorax, pi beginning remains almost closed, 

s« P rdu^r»*srof' i**. ■« ?»««• *■>»* »“ u 

during breathing. h ; a widc , curved sac lying transversely 

(ri) Stomach. Jhe stom abdomen The end of the stomach that 

across the anterior p called the cardiac end while the end that 

receives the oesophagus >scane ^ ^ The midd)e ma part 

joins the intestine is termed tn m cardiac end is prolonged 

of the stomach is «“f d ™L' Oesophagus into it and is termed the 
anterior to the entran v/dve-like contractions of the stomach 

fundus The latter. initiates > tne i anterior concave faces of the 

wall. - The P oste p r ‘° r ve C ,° n k nown as the greater and lesser curvatures 
stomach are respect y j nto the stomach is guarded by a valve, th 
Opening of _ the oesophagus' into ™ Qn of food . The wall of the 

cardia, which preve muscular. Its mucous lining is raised in 

stomach is thick an g m ous microscopic gastric glands (F«g s * -28 

ridges and contains no rtion leads into the small intestine by an 

valve or pylorus. u a narrow tube comprising three 

(vii) Intestine^ The -i ^ ileum . xhe duode num follows tho 

parts i duodenum, J J 
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stomach and is (J-shaped. It receives the bile-duct only a short distance 
from the pylorus and the pancreatic duct a bit in front of its forward 
turn. The jejunum and ileum form about tw o-fifths and three-fifths of 
the small intestine respectively. "They” are~greatly coiled. The small 
intestine is the longest part of the alimentary canal, being two to three 
metres in length. In order to be accommodated in a short space, it 
as greatly coi ed. Its mucous lining is raised into numerous finger-like 
projections, the villi, which increase its surface tremendously. The wall 
of the small intestine has numerous microscopic intestinal glands. At 
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Hg. lit. 4. l iif a/iiiicntary canal wit.i pancreas and liver of rabbit 

•the distal end. the ileum is slightly expanded into a rounded sac, the 
sacculus rotund tis. The latter opens into the caecum. The sacculus 
rotund u3 has an iieo-caecal valve which directs the food into the caecum 
before passing into the colon. 

(w7?) Caecum. The caecum is a large thin walled tube situated at 
the junction of the_ small and large intestines. It shows a spiral 
constriction which indicates the internal presence of a narrow spiral 
valve. The caecum terminates in a narrower, smooth, blind tube the 
vermiform appendix. 


oryctolagus cuniculls 
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(ix) Large-Intestine. The large intestine which is about a metre 
long, shows two regions : the colon and the rectum. The colon 

and gives sacculated appearance while the rectum is ; narrow and g 
beaded appearance due to the presence of faecal pellets in it. The 
rectum includes the proctodaeum and leads to the exterior at the anus. 

(x) Anus. The anus lies at the end of the abdomen under the base 
of the tail. It is guarded by a sphincter muscle. 

2 Digestive Glands. The digestive glands are intimately associated 
with the ahmenlary canal. They include the salivary glands, gastric 
glands, liver, pafncreas and intestinal glands. 

m Salivary Glands. The salivary glands occur in two pairs : larger 
narotid elands located below and somewhat anterior to the pinnae and the 
SiSoguaT glands which lie under the 

mol a ; teeth The sublingual ducts open into the beginning of the 
buccal cavity. The saliva contains an enzyme called Rt yal m. . Cl, o/ 

(10 Gastric Glands. 

srxjf & fift juke contains 

pepsinogeif, an enzyme reonin 

m Liver. The liver (Figs. 18.4 and 18.5) is the largest gland m 
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Fig. 18.5. The liver of rabbit 
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with which it is attached by a fold of peritoneum. It consists of five 
lobes ; the right central or cystic lobe, the left central lobe, the left 
{lateral lobe, the caudate lobe and the spigej jaiLjobe. A thin-walled 
elongated sac, the gall-bladder, lies embedded in the right central lobe. 
The gall-bladder stores bile which is secreted by the liver: The bile is 
greenish in colour and up parts the same colour to the gall-bladder. Bile 
is carried into the proximaTTTmb of the duodenum by the common bile- 
duct or ductus choledochus which is formed by the union of a cystic duct 
from the gall-bladder and several hepatic ducts from the lobes of the 
liver. The opening of the ductus choledochus is guarded by a sphincter 
muscle, the sphincter of Oddi. 

(/v) Pancreas. The pancreas is an irregular gland consisting of a 
number of lobules held in the mesentery between the two limbs of the 
duodenum, ft develops as outgrowths from, the embryonic gut. It 
secretes an alkaline juice, the pancreatic juice, which is carried into the 
distal limb of the duodenum by .the pancreatic duct. The pancreatic 
juice contains three enzymes : trypsin, amylase, and lipase, which act on 
the proteins, starches, and fats respectively. 

(v) Intestinal Glands. The intestinal glands are again very numerous 
and microscopic. They lie in the wall of the duodenum and ileum and 
pour their secretion, the intestinal juice (suc~us entericus), into their 
lumen. The juice contains many enzymes which act on all types of 
food. 

Besides the glands described above, virtually the entire digestive 
tract performs glandular function. From mouth to anus, mucus is 
produced in abundance by specialised epithelial cells. This mucus 
lubricates the tract, thereby reducing friction between food masses and 
wall of the tract. 


Food 

Nature. Rabbit, as-indicated earlier, is herbivorous and feeds mainly 
on grass, cereals and vegetables. All these substances, being living, are 
composed of protoplasm which is a mixture of several organic and in- 
organic substances. I he organic substances include proteins, starches, 
fats, sugar and vitamins. The inorganic materials are water and mineral 
salts ol many different kinds. In other words, rabbit’s food consist of 
all these compounds. ( »f these, the sugars, mineral salts and water 
have small molecules which readily form a solution and pass from the 
lumen ol the aiiin.niury canal into the blood through the mucous 
membrane. This process is called diffusion and the compounds, the 
diffusible foods. The proteins, starches and fats, on the other hand 
have veiy large molecules which do not form a solution and hence do 
not pass into the bio d. They are called non-diffusible foods. They 
must be rendered diffusible so that the body may make use (of them. 
This is achie\ed by the action of enzymes in the various partk of the 
alimentary canal and is called digestion. Digestion by enzymes in reality 
involves hydrolysis in which one or more molecules of water are 
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chemically united with a larger molecule, thereby splitting the latter 

into smaller and simpler on . anjma | body for growth and repair 

Use- Proteins are us Carbohydrates (starches and sugars) are 

of tissues as well as for en g>* and energy. Water acts as a 

used for daily energy, ^chemical reactions. Vitamins and minerals 

i ^^fthe digestive system, as mentioned earlier, 

j, body ™> i, brought .bout by 

of the chisel-shaped incisor teeth, seized by 
into the buccal cavity through the mouth. 

ingestion of food is controlled u'rgetr 

hvpothaln ms, namely, the : fee ■ » * animal to stop eating, 

eating^ndthe satkli centres that d,rect ^ js not 'truely 

'2. Digestion. Food taken in the body only when it is 

inside the body. It | V1 ' i vm ph Digestion starts in the buccal 

SCKSSK !i« SKIS SA '«*»* >” «• ; 

(a) Buccal Cavity. Here ^hejood many opera .ons^ 

ast?: Kwss 'issasswk 

changed into compound sug< » , b the WO rking of the tongue 

saliva v and made into a ba» ^tod bolus is pushed back into the 
against the palate. F»m ^ against the hard palate. This is a volun- 
pharynx by P r ^> I 'g ^ l f h | act of swallowing or deglutition, 
tary process aifd initi I tbe epiglottis closes the glottis 

E"b sft&ws —***■ ■ A,,,his iw “ 

by reflex ac ion. s ; mp ly forces the food back into 

(ft) Oesopi' -gus. walls/ This also oocurs by reflex 

the stomach n . the con of deglutition*^ 

action and completes t - „a ™nitstiiegastric juice from the gastric 
(0 Stomach. Here thefood -etstb^ J^j>*j*u*** 

glands 


omaeh. Here :the food ,heir juice by a 

CneTe 'SSfZA' , gla e nds m b U ;r &m. 

t*’^W>onc stom» c of the gastric .juice ^ 


‘the pyloric . s ^V?h°e gastricjuice ^ays manyimportantio^... 
Hydrochloric acid killing bacteria, stops tne a neDS i n and 

&*"**& pup & «( *• »,si ’psssis 

JJSk. and PPP'°"'*- 
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young animals so that it may remain longer in the stomach to ensure 
proper action of pepsin. The wall of the stomach undergoes muscular 
contractions to churn the food. This breaks the food mechanically to 
some extent and mixes it thoroughly with the gastric juice for proper 
action of enzymes. Initially, the contractions start in the fundus with 
the first feeling of hunger and be:ome accelerated both in frequency and 
extent by the mechanical presence of the ingested food. They cease when 
the contents attain a suitable acidity. Thus, the hydrochloric acid has 
yet another role, i.e. inhibiting stomach contr actions. The a cid 
mixture of the gastric juice a nd the_ semidigested food formed^in the 
stomach is Tatted'Thechyme' "The latter gradually passes through the 
pyloric valve into the duodenum by wave-like or peristaltic contractions 

(to be described later) of the stomach. 

. — * 

( d ) Duodenum. Here the food meets two juices, bile from the liver 
and pancreatic juice from the pancreas. Both these juices are brought 
to the duodenum by the hormones produced by the duodenal epithe» 
lium, namely, cholecystokinia, which forces the gall-bladder to release 
its bile and secretLnwJrick activates the pancreas to secrete pancreatic 
juice. "The bile Is an alkaline fluid. It contains no digestive enzyme^and 
consequently has no - cnemicai action- on food. It, however, neutralizes 
the acidity of the chyme as it arrives from the stomach and emulsifies 
fats, i.e . breaks up the larger fat droplets into smaller ones for more 
efficient action of th e pancreatic juice. It also serves as an antiseptic 
to check the groWirPoF - bacteria on the chyme. The bile satT5~also 
increase the water solubility oT fatty acids and substances like vitamiff 
K, necessary for blood'Clotting. The pancreatic juice is .also, a lkali ne v 
It contains -three. - enzym es : tr ypsin, am ylase and lipase. Tryp sin is 
secreted in the juice in an inactiveFTorm called trypsinogen. The latter 
is activated ~tcr —trypsin by"a substance enterokinase produced by the^ 
epithelium of the small intestine (duodenum and ileum). ~ Trypsin 
breaks the proteins, proteoses and peptones into polypeptides ; amylaSe 
(amylopsin) converts starches into sugar (maltose) ; and lipase (steapsin) 
changes the emulsified fats into fatty acids and glycerol. 

(e) Ileum. Here food meets the intestinal- juice or succus entericus 
from the intestinal glands. This juice too is alkaline. It contains many 
enzymes which complete the process of digestion. The important 
enzymes are p eptid ases (former erepsin), lipase, invertase, maltase and 
lactase. Peptidases convert polypeptides lb to amino-acids'. L ipase. 
changes the remaining fats into fatty acids and glycerol. I nverta se 
breaks sucrose into glucose and fructose. Maltase transforms maltose 
into glucose. Lactase converts lactose into glucose. The fluid food 
formed in the ileum by the action of enzymes on the chyme is called 
the chyle. ' ‘ S 

(/) Caecum. Here the food undergoes partial digestion by the 
activity of micro-organisms like certain bacteria and protozoans. The 
cellulose part of the rabbit’s food escapes the action of the enzymes. It. 
is broken by . micro-organisms oT The 'caecum into ~simpTef _ Butstiil 
indigestible form. The simplified cellulose escapes 'with tbe faeces.' 
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This association between the rabbi^jituL_the_ naic 
benlficiaSSsJH Partners It »>•“ 

the partners a s symbi onts.. * 

T" Ahsomlion Absorption of food mainly occurs in the ileum For 

3. Absorption. f ileum is enormouslv increased by 

this purpose, the surface area of t “ e pro j ect ions, the villi, from 

the development of innu i b\ fi a | undant P b lood-capillaries dnd one 

its inner surface. Each | v The digest i on - products of carbohydrates 

large lymph vessel, the lacteal. The are absorbed into the 

and proteins, namely, g are carrie d to-the liver by the hepatic 

blood capillaries of tbe . m v « e t into the blood circulation.The 

portal vein. From h « c ^ ey fa ^ l L y a K °aUy acids and glycerol, are 

by d 

4 . Assimilation of food. The 

from the alimentary c ^ al id a the d C ells b the food materials are changed 

during jts circulation In side h U . nflueQce of cer tain intracellular 

into starches and proteins further transforme d into protoplasm while 

the'feteand sterches are largely used as sourees of energy , 

tne iat a w _ ' . carried out by the large iute6tine. 

• 5. Egestion. Egestton of f * ne consists of 75-80 per cent water 
The chyle entenng the arge substan ces, including excess enzymes, 

and several fatty and proteinac^ ^ b i 0 „d, thus concentrating the 

Sffi-T faeces coltect in thetectum » «-! 

,te .nu, »bo* "bitter 

muscle relaxes for this P urp0 ^^ (h£ CQ , on performs a few other 
Besides conservation o , ’ ts f eed on the protein content of 

functions also. ltsb *? te ^ int o simpler substances, some of which are 

the chyle, brea h km h g lo t 'd During their metabolic activities, the bacteria 

absorbed into the blood. Uur g also absorb ed. Moreover the wall 

produce a few * lta “ inS ™e inorganic substances (like salts of calcium 
of the colon absorbs some ig ^ b , ood and deposlts thcItl m to the 

" f,h 

Coprophagy or R efec ‘ ,0 “ the ra bbit at night is moist and soft and 

The faeces passed o y ea ten up by the rabbit and passed 

contains simplified «llulo^ . ^1 ^ digestion and absorption of the 

through the gut once habi t Q f passing the food twice through the 

simplified cellulose. T imum amo unt of nutriment from it and is 

alimentary canal ensures Q Jhe faeces thrown by rabbit at night 

called coprophagy or ^ which are produced by bacterial action 
also contains some vitamins 
the large intestine. 
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Protection of Intestinal Mucosa 

The delicate epithelial lining of the alimentary canal is not affected 

bv the digestive enzymes because it is coated with mucus which minimi- 
ses the action of enzymes, it secretes anti-enzymes which prevent the 
action of enzymes and lastly the enzymes, particularly the proteolytic 
ones, are secreted in an inactive form. 

Movements of Alimentary Canal 

The alimentary canal performs three types of movements : peristaltic, 
segmenting and pendular. 

1. Peristaltic Movements. The peristaltic movements consist of waves 
of contraction that continuously pass over the wall of the gut from the 
anterior to the posterior end, gradually pushing the food backwards 

2. Segmenting Movements. The 
segmenting movements consist of 
a series of regularly-spaced ring- 
like constrictions dividing the gut 
into a series of segments. These 
constrictions soon disappear and new 
ones appear alternating with them. 
These movements serve to mix the 
food with the juices. 

3. Pendular Movements. These 
movements consist of ring-like con- 
tractions that pass forwards and 
backwards over short lengths of in- 
testine and cause loops of intestine 
sway slowly in a pendular manner. 
They serve to chum and mix the 
contents. 

Digestive Enzymes 

Definition. The digestive enzymes or ferments are the organic com- 
pounds secreted by the living cells of the digestive glands in their 
juices for the conversion of nondiffusible food substances into the 
diffusible form. 

Properties. The digestive enzymes possess almost all the properties 
of the catalytic agents and are often referred to as the organic catalysts 
or biocatalysts. Like catalytic agents, the enzymes bring about a chemical 
change in the nature of the food without undergoing any change them- 
selves. They are very sensitive to temperature, working best at 30 to 
45 °C They are destroyed at too low or too high temperatures. They are 
specific in reaction, i.e. one enzyme can act only on one kind of food. 
They function in a specific medium, some in alkaline, others in acidic. 
Finally, they are required in very small doses. 

Classification. Three categories of digestive enzymes are recognized 
on the basis of the type of food on which they act. These are called the 
proteolytic, amylolytic and lipolytic enzymes. 


(Fig. 18.6.) 


CONSTRICTION 




CONSTRICTION 


Fi?. 18.6. Diagram showing movement 
of food in the gut by peristalsis 
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The proteolytic enzymes act on proteins and break them into amino- 
acids, e.g . pepsin of the gastric juice, trypsin of the pancreatic juice and 
peptidases of the intestinal juice. 

The amylolytic enzymes convert starches into sugars, e.g. ptyalin of 
the saliva and amylase of the pancreatic juice. 

The lipolytic enzymes split fats into fatty acids and glycerol, e.g. 
lipase of the pancreatic and intestinal juices. 

Liver 

The liver is much more than a mere digestive gland. It, therefore, 
deserves a separate mention. Its position, form and structure have 
already been discussed in the digestive glands. It perform the 
following functions : — 

1. It secretes bile which emulsifies fats, prevents putrefaction of 
food by checking the growth of bacteria and neutralizes the acid 
coming from the stomach. 

2. It separates the excess of sugars from the blood and stores it 
in its cells as glycogen (animal starch). This takes place when the animal 
gets plenty of food. During the days of food scarcity, the stored 
glycogen is rendered diffusible by certain enzymes and restored to the 
blood stream for distribution to the body. 

3. While acting as a storage organ for glycogen, the liver goes a 
long way in maintaining a fixed percentage of sugar in the blood. 

4 . In the liver, the excess amino-acids change into ammonia. Being 
highly toxic, ammonia is immediately changed into urea. The urea 
enters the blood and is carried to the kidneys, where it is excreted in 

the urine. 

5. The liver collects the haemoglobin of the worn out red corpuscles 
and passes it into the alimentary canal along with the bile for elimina- 
tion in the faeces. 

6. The liver produces heparin and fibrinogen. The former prevents 
the clotting of blood inside the blood-vessels and the latter helps in the 
clotting of blood which oozes out from the injured blood-vessels. 

7. The liver produces red blood-corpuscles in the embryo. 

S. Finally, the liver generates heat. 

TEST QUESTIONS 

1. Give an account of the alimentary canal and digestive glands of rabbit. 

2. Describe the journey of food through the alimentary canal of rabbit. 

3. Write brief notes on— 

Teeth of rabbit. Liver, Peristalsis, Enzymes and Protection of Intestinal Mucosa. 

4 . What is the function of the digestive system ? Explain the following processes, 
giving the place of occurrence of each : — 

Digestion, Absorption, Assimilation, Emulsification, and Egestion. 

5. Name the various constituents of the food of rabbit and describe the changes 
they undergo in the various regions of the gut. 
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Oryctolagus cuniculus 

(The Rabbit) 


respiratorWstem and sound-producing organs 

The respiratory and sound-producing organs are closely linked up. 

Tn fact, a small specialised part of the respiratory system functions as 

the voice-box. This is why the two are studied together. 

respiratory system 

One of the functions of food supplied to the cells of the body 

bv digestive system is to act as fuel and provide energy for metabolic 
by mgesi . . re i ea sed bv oxidation or burning of food 

inside rile cells Dufing oxidation, oxygen is used and carbon dioxide 
inside the : ceus. material along with the liberation of energy. 

TI^S similar to the* burning of coal in the presence of oxvgen to yield 
This is f, r n | de ( c O a — »CO.,- r heat). To keep the oxidation 

he?t cfon lhe b re is d thus a constant need for the supply of oxygen to the 
«lls 8 and’fo h r the elimination of carbon dioxide from them. This is done 

by the respiratory system. 

A. Morphology of Respiratory System 

• cvctem may be subdivided into two parts : a 

™ e . called the respiratory tract and an essential part called 

conducting part can ^ Respiratory tract serves as a pathway for 

Ihe airland from the respiratory organs where the actual oxygenat.on 

of the blood occurs. 

• mrv Tract The respiratory tract conveys fresh air from 

1 * ReSP fo the respiratorv organs and returns the foul air. It includes 
the exterior to the respirat o internal narw. pharynx, larynx, 

*• 

traC IT rnal Nares The external nares are a pair of oval slits obliquely 

(,) External h a hy tip of the snout. They commu nicate with the 

^,‘outh by a vertical deft P in upper lip. They lead into the nasal 
chambers. nasa l chambers are a pair of long passages 

(»') Nasal The two chambers are se P arated from e3£b °* 

above the palate. 1 n divisible into three regions . 
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vestibular region is just within the external nares. It is lined with 
skin (stratified sqr&mous epithelium) and bears hair and s ' , f ac ^ v 
glands. The halt act as a sieve. The respiratory and olfactory 
regions form the greater part of each nasal chamber. They have three 
thin plates, conchagpThe latter are scroll-like projections of the nasal, 
axillary and^thmoid bones and are called the superior, ventral and 
lateral nasal conchae respectively. The conchae immensely^ increase 
the surface" of thFnasal chambers. The respiratory region is lined with 
respiratory epithelium which is a highly vascular ciliated columnar 
epithelium rich in mucous cells. • This region acts as an air conditioner. 
The olfactory region is lined with olfactory epithelium (Fig. -2.3) 
the sense of smell. The nasal chambers open behind into the pharynx 
by a common aperture, the internal naris. 


(/;/) Internal Naris.* — The internal naris is bounded ventrally by the 
posterior free semicircular edge of the soft palate called the T e 

latter rises up during the act of swallowing food to close the internal 

naris. 

iiv) Pharynx. The pharynx is a common passage for the food and 
air which cross each other here. Its upper part that receives the internal 
naris is called the nasopharynx while its lower part lying directly behind 
the buccal cavity is termed the oropharynx. There is no demarcation 
between the two regions of the pharynx. The pharynx is lined with 
ciliated epithelium. At the hind end of the pharynx lies a slit-liKe 
aperture, the glottis. The latter bears at its anterior edge a cartilaginous 
flap, the epiglottis. The epiglottjs__closes the glottis during swallowing 
of food. The glottis leads Into the larynx; 

(v) Larynx. The larynx is a short tubular chamber strengthened by 
cartilaginous framework. It serves as the voice box and will be described 
in the sound-producing organs. It is lined with ciliated epithelium 
whose cilia beat towards the pharynx. It is followed by trachea. 


(v7) Trachea. The trachea is a thin-walled tube. It passes back- 
wards through the neck beneath the oesophagus. On entering the thorax, 
it divides into two branches, the primary bronchi, which enter the 
corresponding lungs. Inside the lungs, the primary ‘bronchi divide and 
subdivide into secondary and tertiary bronchi. The latter further divide 
to form very fine tubules, the bronchioles. The wall of the trachea and 
bronchi is composed of fibrous .and muscular tissue. It is supportedT>y 
rings of cartilage, incomplete dorsally, to prevent them from collapsing. 
The supporting rings, however, become thinner posteriorly and finally 
disappear altogether over the bronchioles. The trachea, bronchi and 
bronchioles are lined by ciliated columnar epithelium containing 
numerous mucus-secreting cells. The mucus helps in holding the dust 
and bacteria which are swept towards the pharynx by cilia. 

2. Respiratory Organs. The respiratory organs are a pair of lungs 
situated in the thoracic cavity on the sides of the heart. The thoracic 
cavity is an air-tight chamber enclosed laterally, dorsally and ventrally 
by the ribs, thoracic vertebrae and sternum together with the muscles 
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in which these bones .re "Th’loof oftlS 

5R*5SfS^S3SV peritoneum of the thor.x. The inner 
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Fig. 19... The trachea and lun^s of rabbit (ventral v,-w, 


one, called the visceral pkuron 'ThTfwo'tleura are com 

2 “® 

lungs are fully ex P and h The space between the two, called the 
pleura lie close to each other « hich permits them to glide over 

pleural cavity, X ‘e"mratory movements. 

one another in th P gy aIld elastic organs of pinkish 

The lungs (Fig. .1 ?;*) into lobes. The left lung consists ot 

colour. They are divided by cleusi_ll__-- lobes. The right lung 

two lobes : the left ^ ' s thc r igW anterior, the right posterior 

has four lobes : the anterio ' yB [nside tbe ) u ng, each ultimate bronchiole 

ana the posterior azygos ducts, of smaller diameter. 

sDlits up into a few branenes, the alveolar sac or mfundi- 

Each alveolar ddet ends in < g giv i ng oft numerous 

buhim. The latter consists * or \ ir -. S a CS . The very thin wall 

small poueh-hke projection . c(Tnmi0 us epithelium and is closely 

of* the alveo'ri is composed o' Tu y The blood in the 

surrounded by a networkofcapdl^m ^ g air in the alveoli by just two 
capillaries is, therefore, P endothelium and alveolar epithelium. With 
layers of the blood to alveolar a,r and v.ce 

the result, the d an d quickly. 

versa can occur e y miniature lung A group ot infundibula 

Each alveolus is thus a & Q br0 nchiole is termed a lobule of 

supplied by alveolar ducts jnnumerab f e such , obules and this makes the 

the lung, iiacn iu»& 
lungs spongy- 
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B. Physiology of Respiratory System 

The Respiratory system, as stated earlier, provides oxygen to the 
cells of the body and removes carbon dioxide from them. This process 
is called respiration. It occurs in two phases. In the first phase, the 
blood takes up oxygen from the fresh air taken into the lungs and adds 
its carbon dioxide to it. This phase is called the external respiration or 
breathing or ventilation. In the second phase, the blood distributes 
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oxygen to the cells of the body and collects carbon dioxide from them. 
Tiiis phase is termed the internal or tissue respiration. Blood, thus, 
plays a vital role in respiration. It carries oxygen from the lungs to 
the cells and carbon dioxide from the latter to the~ former. 

(a) Inspiration (Fig. 19.3). The muscles of the diaphragm contract 
and make it almost tlat. This enlarges the thoracic cavity antero- 
posteriorly. The external intercostal muscles of the thorax also contract 
and pull the ribs outwards and forwards. This enlarges the thoracic 
cavity laterally and dorso-\entrally. Increase in the dimensions of the 
thoracic cavity results in decrease of pressure in the pleural cavities 
Tne negative pressure, thus, caused in the pleural cavities brings about 
expansion of the lungs. This reduces the pressure of air in the lungs 
below atmospheric pressure. Since air moves from a place of higher 
pressure to a place of lower pressure, the fresh air from outside 
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immediately rushes into the lungs through the respiratory passage till 
the pressure of air in the lungs becomes equal to that of the atmosphere. 
■On reaching the lungs, the fresh air is distributed by the bronchi, 
bronchioles and alveolar ducts to the alveoli. 



While the fresh air passes through the nasal chambers, it is warmed, 
moistened sterilized and cleaned of dust particles. The blood-vessels of 
the turbinals radiate heat like the hot water pipes and warm the air 
passing over them. The mucus secreted by the mucous glands ol the 
Eirbinals is Gradually evaporated to moisten the passing air. The 
mucus is sticky and antiseptic. It holds and kills the bacteria of the 
Sr The cilia of the nasal chambers by their ceaseless beating sweep 
the foreign particles (dust and germs) trapped m the sticky mucus to 
the cxter1or P vU external nares. All this ind. cates the advantages of 
nasal breathing over mouth breathing. 
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Fic 19 3. Mechanism of breathing. 

t 7 , the rmsition of ribs, sternum and diaphragm 

during 'normal* position and dotted lines during inspiration 

,• • .he trachea and bronchi also clean the air by 

, jjys &&& «—• «* pi "' y “ wMre "’ w - 

disposed off by-swajlowing. ^ concentrat i on of oxygen and a 

The air in the alveo dioxide than the blood flowing in the 

lower concentration of caroo This difference in the concen- 

capillaries wrapped roun 1 diffusion through the walls of the alveoli 

tration of gases causes the a , veoli dissolves in the mucus covering 

and capillaries. Oxyg to t h e blood while the carbon dioxide 

their inner surface Pass The air of the alveoli, thus, 

passes from the * blood into ^ 

be 7r S Exp“ra‘.-<*»- The reverse of inspiration occurs in expiration. 
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The muscles of the diaphragm relax and the abdominal viscera, which 
were compressed momentarily during the flattening of diaphragm, push 
diaphragm forwards and make it convex anteriorly. The external 
intercostal muscles relax and the inte rnal- intercostal muscles contract. 
This brings the ribs to their original position^ With the result, the 
thoracic cavity decreases in all dimensions. Decrease in the thoracic 
cavity raises the pressure in the pleural cavities. The lungs, therfore, 
contract by virtue of their elasticity. The air in the lungs is, thus, com- 
pressed and its pressure rises above atmospheric pressure. Because of 
its higher pressure, the foul air of the lungs goes out and the air 
pressure in the lungs falls to that of the atmosphere. On its return 
journey, the air again passes through the respiratory passage. 

By expiration, the lungs never become completely empty. Some air 
always remains in them as the residual air. 

Mechanism of Internal Respiration. The oxygen which diffuses into- 
the blood combines with the haemoglobin of the red corpuscles to form a 
bright red compound, the oxyhaemoglobin. The blood with oxyhaemo- 
globin returns to the heart and is distributed to the cells of the body. 
The cells have less oxygen than the blood so that an oxygen gradient 
is set up between the blood and the cells via the lymph or tissue fluid. 
Oxyhaemoglobin gives up its oxygen and changes into the purple-red 
haemoglobin. This oxygen diffuses towards the cells where it is used 
in the oxidation of food. Ox i d ation is a multistage reaction and 
occurs under the influence of S' variety of enzymes. It ultimately 
produces carbon dioxide and water and releases energy. Production 
of carbon dioxide increases its concentration in the cells so that it starts 
diffusing into the blood. Carbon dioxide travels in the blood partly 
in the red corpuscles and partly in the plasma. The blood with its 
load of carbon dioxide returns to the heart which sends it to the lungs 
where external respiration starts again. 

Control of Breathing 

Respiration is controlled by two areas, called respiratory centres, 
located near the middle of medulla oblongata. The anterior centre 
regulates expiration and the other, inspiration. These centres are 
affected by carbon dioxide level of the blood. Increased concentration 
of carbon dioxide in the blood stream stimulates the respiratory centres 
which respond by causing more frequent contractions of the breathing 
muscles. This accelerates the rate of breathing. Decrease in the 
amount of carbon dioxide, on the other hand, slows down the rate of 
breathing. 

SOUND PRODUCING ORGANS yj 

The anterior part of the trachea, as mentioned earlier, is modified 
for the production ot sound. It is known as the larynx or voice-box 
(Figs. 19.4 and 19.5). Its wall is supported by four cartilages. A broad 
thyroid cartilage supports it ventrally and laterally. A pair of small 
arytenoid cartilages he in its dorsal wall. Each arytenoid cartilage bears 
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at its anterior end a small nodule-like cartilage of 

cricoid cartilage surrounds the larynx behi ^ . tbe ventral 

cartilages. It is comparatively broad are two 

side. Stretching dorso-ventrally across the cavity of the ^aryn 

pairs of band-like folds, the false vocalcords .n front ^^"ered by 
cords behind. They are formed ° 7 eDithelium. The vocal cords 

mucous membrane of stratified squam P an ^ t o the thyroid 

are attached to the arytenoid cart. lag « the glottis 

cartilage below and on the slde . s ^ d xhe glottis, as mentioned 

2 ft, «.« j«« >» * 
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Fig. 19.4. The larynx of 
rabbit— ventral view 


Fig. 19.5. The larynx of 
rabbit-dorsal view 


rauuii — ■ 

root of ^t r «. 


. itis gets closed by tne no( in use , the vocal 

Sound is produced by the vocal cord Wl t thg lottis is a wide 
cords lie at an angle to one « ano ^ ^ ht para llel and closer 

gap. For the production of sound, in y muscles Now they are set 

to one another by the ac i nassed through them under pressur 

into vibration by acurrent °f air passed M g of sound . T he quality 

from the lungs. i Tlus result,, nUte^p^^^ th e voct . cords. 


from the lungs. This results mUtc . “he vocal cords. 

The^abb.Os'mainly a silent animal and its sound is merely a squea . 


test questions 

>• Define resp^^ ^i^dje^s^t 0 ^^^; Discu5S the 

2 Differentiate between uk, 

imP 3 ‘“writebrie'inoron the fol.owing-Epiglottis, Pleura, Diaphragm, 

oHHe sound-producing organ of rabbit. How is the souod 

Pr °t Ced Dlcribe the lungs of rabbit. 
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Oryctolagus cuniculus 

(The Rabbit) 


CIRCULATORY SYSTEM 

The circulatory system serves to transport materials like food, gases, 
wastes and hormones. It also defends the body from foreign germs, 
rids it of worn-out cells, keeps its organs moist and equalises its 
temperature. All these functions are performed by a fluid tissue, the 
blood. The blood with its load of materials and protective and cleansing 
agents flows in closed tubes, the blood vessels. The blood is kept flowing 
in the vessels by a muscular pump, the heart. The blood starts from 
the heart and after going round the body comes back to the heart, per- 
forming its multifarious duties on the way. This circulation of blood in 
the body continues without any interruption til! the death of the animal. 

I. Heart * ^ 

(a) Shape and Position. The heart is a hollow, muscular, conical organ 
of reddish colour. It is situated in the thoracic cavity, occupying its 
middle part, f.e. mediastinum, between the tw'o pleural sacs that enclose 
the lungs (Fig. 15.1). It lies a bit obliquely near the ventral side. Its 
broad base faces forwards and slightly upwards while the pointed 
apex is directed backwards, downwards and slightly to the left side. 

(/>) Pericardium. The heart is enclosed in a delicate, transparent, two- 
iayered sac, the pericardium. The inner layer, called the visceral peri- 
cardium, is closely adhered to the heart and the roots of great vessels 
entering and leaving the heart. From the roots of the great vessels, 
the visceral pericardium is reflected again round the heart as the outer 
layer or parietal pericardium. The narrow space between the 
two layers is known as the pericardial cavity. It contains a small 
amount of watery fluid, cue pericardial fluid. The latter protects the 
heart from shocks and mechanical injury and allows it free movement 

The pericardium is attached to the ventral thoracic wall and diaphragm 
to keep the heart in position. 

(c) External Structure. The surface of the heart is marked by two 
1 amt grooves (Fig. 20.1). One groove runs transversely round the heart 
and divides it into the anterior small auricular part and the posterior 
large ventricular part. The groove is calledThr'auriculo-ventricuIar 
groove. The other groove runs from the base of the^TJeart obliqued 
backwards and to the right. It divides the ventricular part into right 
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and left ventricles and is called the interventricular groove, 
blood-vessels are attached at the anterior end of the near . 
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Fig«"20-1* The heart of rabbit 
A— Dorsal view B— Ventral view 

oi structure Internally the heart (Fig. 20.2) is divided into 
( fl ) Internal ^\ T , the j eft> w hich do not communicate with each 

two halves : r if ther consists of two chambers : the anterior receiv- 
other. Each half aar s C | e or atrium and the posterior distributing 
ing ch^mber^calte the ventricle. The heart of rabbit is, thus, four- 

ehamber wa u s because they are only to force the blood 

The atind ‘ Each auricle is produced into a small flap, the 
Renter V appendli, which overhangs the base of the corresponding 
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ventricle. The inner surface of the auricles is smooth except for a net- 
work of low ridges, the musculi pectinati, in the region of the auricular 
appendages. The two auricles are separated from each other by an 
interauricular septum. The latter has a small, oval, depressed area, the 
fossa ovalis, which in the embryo has an aperture, the foramen ovale. ‘ 

The ventricles have thicker walls which are much more so in the 
case of the left ventricle than in the right ventricle. This is because the 
former is required to pump the blood to the farthest end of the body 
while the latter only up to the lungs which lie nearby. The inner surface 
of the ventricles is raised into a network of low ridges called the colum- 
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Fig. 20.2. Longitudinal s:ction of - he heart of rabbit 


nae carneae and a few large conical elevations, the papillary muscles. The 
two ventricles are separated from each other by a thick interventricular 
septum. The auricle and the ventricle of the same side communicate 
with each other by a passage, the auriculo-ventricular aperture. 

The right auricle receives three large vessels, the right and the 
left precavals or the anterior venae cavae and the postcaval or the 
posterior vena cava. The opening of the posterior vena cava into the 
right auricle is guarded by the valve of Eustachius. The right auricle 
also receives the coronary sinus whose opening is guarded by the valve of 
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tricuspid valve. The valve attached to the papillary 

project into the ventricle. Th « ™ 5f*" h r white cords, the chordae 

muscles of the ventricle by a w serve g to check the p ushing of the 

tendioeae. The chordae contraction of the ventriclT. Fronts 

flapS 1 n t ^!!5^rn!^^rt^riKht~vent ricte”le ads into a large blood-vessel, 
left anteTTar^aTrgte, tKr| ^ rrirppH< . fo t h e lungs. At the base of the 

the pulmoimr^t^ w ^ h P poc ket-sh<U2ed_fla^^ 

the return of blood to the ventric e. 

Tta « r >c, 

guarded by a one-w.y f“ “ £°”e ig'eVof 

bicuspid or mural valve^ ltco c h or dae tendineae to the papillary 
these ' flaps are ^so ^tached ^ y. anterior ang le, the left ventricle 

muscles of the ventricle. At t | ic arch . At t he base of the aortic 

leads into a large blood i :J. es „ s h e ‘^ d sem ilunar valves with their cavities 
arch also are three pocket-shaped valves prevent the flow of the 

facing away from the yen ncie. 

blood back into the ventricle. ,. fi , 

„ . Xhe heart is in reality a highly modified 

(e) Histological Structitfe cavities are lined by an endothelium 

blood-vessel. Like other vessels, us c a ^ & thjck , G f 

here termed the endocardi • Tb latter is invested by a thin delicate 
cardiac muscle, the or visceral pericardium. The cardiac muscle 

membrane the epicardiurn or vis aad ana stomose freely and 

have m thic S k dark cross bands, intercalated discs, giving the appearance 
ofdivision into cell. (Fig- 5 . 8 ). a , temate cont raction 

(/) Working. Working chambers. The contraction of a 

(systole) and relaxation (diastole) ® the blood out of it while the 

chamber reduces its i volume and squeeze^ ttm ^ receive more blo od 

relaxation brings it ba ® k ‘° h t d3 g not contract simultaneously but 
The various chambers of 1 “ b ' of contraction passes obliquely over the 
in a rhythmic fashion. A wa ^ 1 and foUowed in turn by the left 

heart, beginning with the rig t ^ [c]e Jhls forces the blood from 

auricle, right ventricle and 16^^ aort|C arches via ventricles, 
the auricles into the pul V blood from a ll over the 

The right auricle receives the non t wMe the left auricle receives 
body by the three venae c “ vae J b ‘®’ the DU lmonary veins. When full, 
the aerated blood from the above P This forces their blood into 

the auricles contract as mentione through the auriculo-ventncinar 

the corresponding ventricles behind ^hrough J ^ b , ood does not 

apertures whose valves op cavae and pulmonary veins) 

return ‘to the great vel “.V (vc “| rts from the anterior end and proc-eds 

contraction of the auricles stares 
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towards the ventricles pushing the blood in front of it. Moreover, the 
blood already present in the veins offers resistance to the blood return- 
ing into them from the auricles. 

Now follows the contraction of the ventricles. This creates a 
considerable pressure on the blood contained in the ventricles. Due to 
this pressure, the flaps of the tricuspid and bicuspid valves are 
pushed forward and meet to close the auriculo-ventricular apertures. 
At the same time, semi-lunar valves are pressed and opened. With 
the result, the non-aerated blood from the right ventricle flows into 
the pulmonary artery and the aerated blood from the left ventricle 
enters the aortic arch. The flow of the blood from these blood-vessels 
back into the ventricles is prevented by the semi-lunar valves which get 
filled with blood and meet to close the apertures they guard. The pul- 
monary artery carries the non-aerated blood to the lungs for aeration. 
The aortic arch distributes the aerated blood to all the parts of the 
body where it again becomes non-aerated after supplying its oxygen to 
the tissues. The non-aerated blood from the body and the aerated 
blood from the lungs again come to the heart where the same sequence 
of events is repeated. 

A noteworthy feature in the rabbit’s heart is the fact that the aera- 
ted and non-aerated blood remain completely separate. With the result, 
all parts of the body (except the lungs) receive aerated blood. This 
makes the rabbit's heart superior to that of the frog which supplies 
mixed blood to the body. Further, in the rabbit, the blood, in order to 
circulate once round the body, has to pass twice through the heart, 
once through the right side and then the left. This type of circulation 
is called double circulation. 

(g) Efficiency. The heart is able to carry on non-stop beating with 
the same efficiency throughout life and without getting fatigued because 
it rests for double the time it works. Contraction of the heart is followed 
immediately by relaxation but the latter is not followed at once by the 
next contraction. Before the next contraction occurs, there is a resting 
or recovery period in which no activity is shown. The recovery period 
actually amounts to more than twice the contracting time. 

( h ) Control of Heart Beat. A heart removed from the body continues 
to beat as long as supplied with the necessities of life. This shows that 
the rhythmic contractions (but not rate) of the heart are independent of 
the nervous and endocrine systems and have their mechanism in the 
heart itself. This mechanism comprises three masses of modified 
muscle -fibres, namely, sinu-auricular node situated in the wall of the 
right auricle close to the entry of the caval veins, auriculo-ventricular 
node lying in the inter-auricular septum and the bundle of His whose 
fibres extend from the auriculo-ventricular node to the wall of the 
ventricles (Fig. 20.3). The sinu-auricular node acts as a pacemaker. A 
wave of contraction originates from it and passes over both the auricles 
along the muscle fibres that fan out from the pacemaker. The auricular 
coniraction cannot pass over the ventricles because the muscles of the 
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auricles and ventricles are not continuous, being separated by a ring of 
connective tissue. Stimulated by the auricular contraction, the auriculo- 
ventricular node sets up a fresh wave of contraction which spreads over 
both the ventricles along the bundle of His. 
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Fig- 20.3. Mechanism of heart beat. 

The rate of the heart beat is, however, controlled by the nervous 
and endocrine systems. The nervous system affects through the cardiac 
centre in the medulla oblongata of the brain. This centre innervates the 
sinu-auricular node by two sets of fibres : vagal (parasympathetic) which 
retard the heart beat and sympathetic that accelerate the beat. Thus, 
the heart always works against a brake. The endocrine system affects 
the heart beat through two hormones, epinephrio and norepinephrin, 
secreted by the inner part or medulla of the adrenal glands. Both the 
hormones accelerate the heart beat, the latter under normal conditions 
and the former at the time of emergency. 

Heart of Sheep 

Heart of sheep or goat is dissected in the laboratory due to its large 
size. It only slightly differs from that of the rabbit. It has a lot of 
adipose tissue or fat filling the auriculo-ventricular and interventricular 
grooves. The coronary vessels supplying the heart muscle are quite 
prominent. The ductus arteriosus, a solid band joining the pulmonary 
arch with the aortic arch, is clear. The anterior veDae cavae or precavals 
may unite and open into the right auricle by a common aperture. The 
right ventricle has a muscular band, the moderator band or bundle of 
Leonardo, connecting the anteriormost papillary muscle with the inter- 
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ventricular septum For directions to dissect the heart, ^i^s^b^Dedl 
be made to Zoology Practical Note Book for Pre-medical class by ueoi 

and Dbatni or Gupta and Verma. 
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Fig. 20.4. Heart of sheep in ventral view 
II. Blood-vessels 

The blood-vessels are of two types : the arteries and the 
differ from each other in the following respects— 

TABLE 10 


veins. They 


Arteries 


Veins 


carry blood away 
distribution to the 


1. The arteries 
from the heart for 
body. 

2. They contain aerated blood except 
the pulmonary artery. 

?. The flow of the blood is fast and 
jerky. This is due to the heart beats. 

4. Thev have thick elastic walls and 
narrow lumen ( Fi g. 5.33). 

♦ 

5. They are deep-seated. 

6. They have no valves in them. 


7. They become empty after the death 
of ihe animal. 


1 


1. The veins bring blood from the 
body back to the heart. 


2. They contain non-aerated blood 
except the pulmonary veins. 

3. The flow of the blood is slow 
and steady. 

4. They have thinner scarcely elastic 
walls and wide lumen (Fig. 5.33). 

5. They are superficial. 

6. They have valves to prevent back- 
flow of the blood and counteract gravity 
(Fig. 20.5). 

7. They contain blood even after the 
death of the animal. 


s. When they are empty or cut across* ; 8. When these are empty or cut across, 

thev r »ain their tubular form. • 1 they collapse. 

A large artery, the aortic arch, starts from the heart and .gives off 
smaller arteries to the various organs of the bodyr An artery, on 
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entering its organ, divides into a number of smaller branches, 
the arterioles, which further divide 
repeatedly to form a network of very 
fine branches, the capillaries (Fig. 

20.6). The walls of the capillaries are 
exceedingly thin, being only one-cell deep 
(Fig. 5. 34). The materials like food, gases 
and waste products, enter and leave the 
blood through the thin walls of the 
capillaries by diffusion. Th e capillaries , 
aft er thp metab olic exchang e, u nite to 
form slightly larger vessels, tEe" venules, 
which again unite to forma vein. The 
vein comes out of the organ and joins- 
other veins. The veins from all over 
the body meet and ultimately form three 
large venae cavae which open into the 
heart. This is how blood circulates in 
the body distributing and collecting 
materials on the way. 

The distribution of the blood to the 
various parts of the body by the arteries 
is called the arterial system and the 
return of the blood from the different . 
parts of the body to the heart through the veins is known as the venous 

system. 
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Fig. 20.5. Veins cut open to 
show the valves. 
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VEIN 
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Fie '’O 6 Diagram showing the end-of an artery and beginning of a 
vein.*” ‘Arrows indicate the cirection of the flow of blood. 

1. Arterial System ^ ^ 

The arterial system (Fig. 20.7) comprises two large blood-vessels 
-..•cine directly from the heart and their branches to various organs. The 
large vessels are the aortic arch and the pulmonary arch. 

Aortic Arch. It arises fromjhfijefl ventricle, curves round the left 
bronchus to the dorsal sidfroTThTheart and then runs backwards as 
the dorsal aorta through the thorax and abdomen along the mid-dorsal 
line just beneath the vertebral column. It gives ofT arteries all along its 
course to the organs near which it passes. 

A Dair of coronarv arteries arise from the aortic arch j uitbeyMdJta 
origin from the ventricle. They supply blood to the wall oTthe^heart 

itself The innominate artery leaves the aortic arch just in front of the 
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heart It is very short and soon gives off a left common, carotid «tery 
and then divides into two arteries, right sub-clavian a “ d * _ 

XTrVnTforward T s he thi g on t gh U ' tit' "verte^ar terial ‘canal 

mammary or X^LteHar'e^gastric ‘arterjwhich^proceeds^ backwards 

common carotid arteries are similar in their course fnd distribution. 

They run forwards through the neck just outside the trachea and. 

near the larvnx. These are the internal carotid 
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which sends blood to the brain and the external carotid which distribu- 
tes the blood to the head and the face. The left common carotid artery 
may sometimes arise directly from the aortic arch. The left subclavian 
artery arises from the aortic arch on the left side and resembles its 
counterpart of the right side in its distribution. 


A number of small paired arteries, the intercostal arteries, are given 
off by the dorsal aorta in the thorax. They supply blood to the 
thoracic wall. A pair of sin ill phrenic arteries leave the aorta for the 
diaphragm behind the intercostal arteries. A large coeliac artery arises 
from the dorsal aorta behind the diaphragm, runs in the mesentery and 
divides into the hepatic artery to the liver and the lieno-gastric to. the 
spleen and stomach. Another large artery, the anterior mesenteric artery 
leaves the aorta about twelve millimetres behind the coeliac artery. It 
also runs in the mesentery and sends branches to the pancreas, small 
intestine, caecum and the anterior part of the colon. The dorsal aorta 
then gives off a single pair of renal arteries, which carry blood to the 
kidneys The two renal arteries soring from the aorta at different levels, 
the right being a little anterior. There is a pair of genital arteries in 
both rhc sexes. In the male, they are called spermatic arteries and 
suDPlv blood to the epididymes, vasa deferentia and testes. In the female 

thev are called the ovarian arteries and carry blood to the ovaries and 
uteri A small posterior mesenteric artery arises behind the genital 
arteries It runs in the mesentery and supplies blood to the hinder part 
of the colon and rectum. The dorsal aorta now gives off a pair of small 

ilio-lumbar arteries that carry blood to the body-wall. They may arise 

from the aorta directly or from the common iliac-arteries. In the pelvis 
the dorsal aorta divide into two large common iliac arteries. Each 
divides into internal and external iliac arteries. The internal iliacs supply 
the dorsal wall of the pelvic cavity. The external iliac gives off a 
esicular artery to the urinary bladder, a uterine artery to the uterus in the 
f* \ P an d the posterior epigastric artery to the ventral abdominal wall. 
It then continues as the femoral artery to the hind limb. The sacral 
arterv arises from the dorsal side of the aorta close to the point of its 
bifurcation and proceeds backwards to the tail. A series of small median 
arteries arise from the dorsal side of the aorta and supply the dorsal 

abdominal wall. 

(ii) Pulmonary Arch. It arises from the right ventricle and curves to 
♦he dorsal side of the heart where it divides into two, the right and left 
rvnimonarv arteries, each going to its corresponding lung. This artery 
^akes the lion-aerated bloodl to the lungs for aeration. 


2 Venous System, _ 

The venous system (Fig. 20.8) consists of four types of veins : the 
venae cavae with their tributaries, the pulmonary veins, the portal vein 

and the coronary sinus. 

(i) VeDae Cavae. There are three venae cavae as already mentioned. 
Thev open into the right auricle by separate apertures. Two of them, 
*he anterior venae cavae or the precavals, bring blood from the anterior 
art of the body while the third, the posterior vena cava or the post-caval, 
comes from the hinder region of the body. 
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The right anterior vena cava is formed by the union of five veins, 
namely, the internal jugular from the brain ; the external jugular from 
the head and neck ; the sub-clavian from the fore-limb ; the intercostal 
from the muscles of the anterior ribs ; and the azygos from the muscles 
of the posterior ribs of both the sides. 

The left anterior vena cava is formed by the same branches as the 
right except that there is no azygos vein on this side. 



The posterior vena cava is a long vein which starts from the base 
of the tail, runs forwards along the middle line through the abdomen 
and thorax and finally opens into the right auricle. On the way, it 
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receives a number of veins. It is formed posteriorly by the union of a 
pair of internal iliac veins that bring blood from the back of the thighs. 
It is soon joined by a pair of large external iliac veins. Each external 
iliac vein is formed by the union of the femoral vein from the hind 
limb, the posterior epigastric vein from the ventral abdominal wall, the 
uterine vein from the uterus in the female, and the vesicular vein from the 
urinary bladder. A pair of ilio-lumbar veins collect blood from the dorsa 
body- wall and open into the posterior vena cava in front of the external 
iliacs. The left ilio lumbar vein sometimes runs forwards parallel to the 
posterior vena cava and joins the renal vein of its side. A pair o 
genital veins now join the posterior vena cava. In the male they cofiect 
blood from the testes and are called the spermatic veins In the female 

they bring blood from the ovaries and are known as the ovarian veins. 

The two renal veins of the two sides open into the posterior vena cava 
at different Doints the right being a little anterior. They return blood 
from the kidneys ’ After receiving the renal veins, the posterior vena 
cava passes through the liver from which it collects blood by a few 
hepatic veins. Laftly. a pair of small phrenic veins, which bring blood 

from the diaphragm, join the posterior vena cava. 

m r— -o, v— ss. 

ttotoSfVS' W ' rf ‘ »"*"• Th i y d,ir " ft °“ ,he 

veins in having the aerated blood in them. . „ 

{Hi) Portal Vein* A p » ‘ distributes it to some other organ instead 
blood from cer tom « S only one portal vein in rabbit. It 
of carrying it to the h • ft - s a | arge vessel running in the 

is called the he P^ t,c pt> . b the ‘ union Q f four important veins, Damely, 
mesentery and form by « ach and spleen, the duodenal from the 

the lieno-gastric from tb an(erior mesente ric from the ileum, caecum, 
duodenum and panerea , J tum and the posterior mesenteric from 

colon and anterior part o^tne ^ ’ collecting b i ood from the alimen- 
the hinder part of ‘1 eas by the above branches the hepatic 

porul vein enters the liver^nd distributes its blood to .t by a network 

Ji, henatic portal vein along with its tributaries forms the hepatic 
i This system is of great significance to the animal. By 

portal sy s ** m - b| j with the various products of digestion comes 

this J* e ° ycam.1 to the liver. The liver cells separate 

from the ahmenta y ^ of sugar and store it as glycogen. The 

from this blood harmful ammonium salts into harmless 

livef C£ L .d irnamW eliminated by the kidneys. The portal system 
urea to be ultima ort y cbc uit carrying the various materials to the desired 

a&VhKS Hr,’, farried round the t,.n a.d la.,,. 

evolutionary change. ced ^ j|es and fina n y disappears in he 

ma d mm“ s Thts change is correlated to the change from the aquatic to the 
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terrestrial mode of life. In aquatic animals (fishes and amphibians) 
blood from the posterior half of the body passes through the kidneys so 
that the latter may bring its osmotic pressure to a level that does not 
permit the diffusion of outside water into the blood. The surrounding 
water can diffuse into the blood through the mucous membrane of the 
buccal and pharyngeal cavities and gills in the fishes and through the 
naked skin in the amphibians. Mammals, being terrestrial, have no 
such problem and hence have dispensed with the renal portal system. 

(zv) Coronary Sinus. The non-aerated blood from the wall of the heart 
is returned by a number of veins, most of which converge to form the 
coronary sinus. The coronary sinus opens into the right auricle through 
an aperture guarded by the valve of Thebesius. Some veins from the 
heart do not join the coronary sinus and open independently into the 
right auricle. These veins are known as the venae cordis minimae and 
their openings into the right auricle as the foramina of Thebesius. 

III. Blood 

{a) Structure. The blood is a fluid tissue constantly circulating in the 
body. It is opaque, somewhat sticky, slightly heavier than water bulk for 
bulk. It has a saltish taste and a faint alkaline reaction. It is bright red 
when aerated and purple when non-aerated. It consists of a liquid 
medium, the plasma, containing three types of cells or corpuscles : 
the red corpuscles or erythrocytes, the white corpuscles or leucocytes 
and the platelets or thr ohibobyt es (Fig. 20.9). None of them divides or 
multiplies in the bloocT 



v— p 

Fig. 20.9. The blood of rabbit 


(0 Plasma (Liquor Sangu- 
inis). It is a pale-yellow 
liquid having a number of 
inorganic salts in solution 
and a few blood proteins in 
colloidal state. Chloride 
and bicarbonate of sodium 
among the organic salts 
and fibrinogen from the 
proteins deserve special 
mention. Many other subs- 
tances like food materials, 
waste materials, gases and 
hormones are also invari- 


, , . . a bly found in the plasma 

but they do not form its integral part. They enter or leave the plasma at 
intervals. They are, in fact, on the way to their destination in the body. 


(//) Red Corpuscles (Erythrocytes). These are denucleated, biconcave, 
circular discs. They are tar more numerous than the white corpuscles* 
They are bounded by a highly elastic membrane which enables them to 
pass through fine capillaries having diameter less than that of their own 
Individual red corpuscles are pale-yellow in colour but they appear red 
in a mass. They impart red colour to the blood. The colour is due to 
the presence of a respiratory pigment, the haemoglobin, in them. The red 
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corpuscles are produced in the red bone marrow and the worn-out ones 
are destroyed by phagocytes present in the blood itself and in the spleen 
and liver in particular. Their short life is probably due to the absence 
of nuclei. 


(Hi) White Corpuscles (Leucocytes). These are nucleated, colourless and 
irregular bodies larger than the red corpuscles. They can change their 
shape and are capable of performing slow amoeboid movements. They 
are of two main types : the non-granular leucoc>tes and the granular 
leucocytes. The former are produced in the lymph nodes and the latter 
are formed in the red bone marrow. Both types are divisible into 
subtypes. The non-granular leucocytes are of two types : monocytes 
and lymphocytes. The monocytes are as large as the red corpuscles and 
have a rounded nucleus almost filling the corpuscle. The lymphocytes 

are much larger and have irregular nucleus. The granular leucocytes 
are of three types : basophils with one- to three-lobed (usually bilobedl 
nucleus and coarse granules, eosinophils also with one- to three-lobed 
nucleus and coarse granules and neutrophils with many-looed nucleus 

and fine granules. 

ff v \ Blood Platelets. These are rounded or oval, non-nucleated, granu- 
lar discs s-mSirSTmlli? than the red and white corpuscles. They readily 
disintegrate on exposure to air and thereby aid in blood clotting. 

(b) Blood Clotting. In the injured parts the blood-platelets disintegrate 
nnd release a chemical substance which precipitates fibrinogen of the 
olasma into fibrin threads. These threads entangle the corpuscles and 
Wm a clot. The latter plugs the injured part and stops bleeding. In 
theclosed vessels the blood has a substance called heparin to prevent its 

clotting. 

Functions of the Blood. The blood plays a vital role in the animal 
body and is often described as the •'river of life . Each one of its 

constituents is important. . x 

Plasma It carries the digested food from the intestine (and liver) 
, fhi rest of the body for nourishment. It collects carbon dioxide from 
'n rife tissues and brings it to the lungs for expiration. It transports urea 
? h .L liver to the kidneys for removal as urine. It distributes 

u° m nes from the endocrine glands to the parts where needed. It 
hormones glands for the preparation of their secretions. 

supplies materials to tne gian rature fey c £ rrying heat from the heat-pro- 

dudng tissues! like the muscles and glands, to others where no or little 
h™ produced. It keeps all the tissues moist. 

, % ^ These carry oxygen from the lungs to other organs 

(H) R e ^ C °Tfnfd tlreleaff energy for life activities. Oxygen travels 
for oxidation o b | compound, oxyhaemoglobin, which is formed 

in the blood as an unstabl ^ of Qxygen and haemoglobin and 

which break-up in the tissues into oxygen and haemoglobin. 

dm White Corpuscles. These act as the soldiers, scavengers and builders 
A f thl hnrfv The neutrophils eat up the foreign germs that may happen 
to enter the bJdy. The lymphocytes produce antitoxins to neutralize the 
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Fig 20.10. Scheme of circulation in rabbit showing the exchange 
of materials in the important organs (N = Nitrogenous) 

toxic effect of the foreign germs. The monocytes devour the injured and 
dead cells to clean the body. Eosinophils and basophils help in the 
healing of wounds. 

(/v) Blood-platelets. These aid in blood-clotting. 

LYMPHATIC SYSTEM 

The lymphatic system helps in the exchange of materials between 
the blood and the tissue cells. It also maintains the volume of blood in 
the blood-vessels by restoring to them the blood that oozes out through 
the thin capillary walls. 
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This system consists of a colourless fluid, the lymph ; a network of 
fine channels, the lymphatic capillaries ; tubes of varied size, the 
lymphatic vessels ; and the lymph nodes (Fig. 20.11). 

(a) Lymph. The lymph consists of two parts : a fluid matrix or 
Dlasma and amoeboid cells or white corpuscles. Both these components 
escape from the blood through thin walls of the blood-capillaries, the 
plasma by ultrafiltration, i e. diffusion under pressure, and the white 
corpuscles by amoeboid locomotion. The lymph is, thus, the blood 
without red corpuscles. The lymph surrounds the tissue cells filling up 
the intercellular spaces (Fig. 20.12). The lymph acts as a “middle 
man” It hand over the food, oxygen and hormones from the blood 
to the tissue cells and the waste materials from the latter to the blood. 

(h\ Lymphatic Capillaries. From the intercellular spaces the lymph 
„ into the IvmDhatic capillaries which are interwoven but not 
passes blood- capillaries. They are quite difficult to observe 

Th™ are wider than the blood-capillaries and their diameter is not 
uniform They have extremely thin wall which consists of a single 

layer of flat endothelial cells. ....... 

(0 Ly-Pbatic vessel. conSe 

of° W the nt ?ymSat!c ymP Slarie S s. The lymphatic Vessels resemble 

the veins in structue 
except that they have thinner 

walls and more numerous 
valves. The smaller lympha- 
tic vessels unite to form 
larger vessels which in turn 
converge to form two mam 
lvmohatic vessels or trunxs 
called the thoracic duct and 
the right lymphat.cduc^ 

The thoracic duct c 1 
lymph from the ?" t,r *, b °^ 
except the right side of the 
head, neck and thorax and 
rifiht fore-limb. It starts in 
the abdomen from a recep- 
taculum chyli into w lymphatic f -zrfi 

empty the laCeals or lym- ( t ^ ^ 

fiT I^nns forwards be- 
neath the vertebra, column 

externa? 2 jugular vein dose 
to the latters junction with 
the subclavian vein. me 
right lymphatic duct drains 
21 lymph from the right 
side of the head, neck and 
borax and the right fore- 
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limb. It opens into the right external jugular vein just near its union 
with the right subclavian vein. 

(d) Lymph Nodes. The lymph nodes lie at intervals in the course of 
the lymphatic vessels. They are masses of connective tissue with abun- 
dant white corpuscles. The lymph passes through them. They add white 
corpuscles to the lymph if it runs short of them and also rid it of 

bacteria. 

The lymph moves through the lymphatic vessels and lymph nodes 
largely by muscular contractions of various parts of the body, tending to 
squeeze the fluid along. 

Spleen 

It is difficult to classify the spleen in any system. From its functions, 
it can be said to form a part of the circulatory system. 

Structure. The spleen is an elongated, curved, dark-red, organ 
held in the mesentery close to the posterior border of the stomach. It 
has a muscular wall surrounding a pulpy substance that contains 
arterial capillaries, venous sinuses and lymphoid tissue. 

■hssuf n.uiD (iymt»h) 

• WHITE BLOOD CORPUSCLE 



fig. 20.12. Diagram showing how tissue fluid or lymph serves as a medium of 
exchange of materials between the blood and body ceils. One white corpuscle 
is escaoing through the wall of a capillary. 


Functions. The spleen performs a few very important functions. 
Some of the cells of the spleen are called macrophages. These cells 
destroy the old worn out red corpuscles. When the animal is at rest and 
needs less oxygen due to slow metabolism, some red corpuscles are 
stored in the spleen. But during active life, when the animal requires 
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more oxygen, the stored corpuscles are released into the blood stream. 
Under certain conditions, the spleen produces new red and white corpu- 
scles. The foreign germs are also destroyed in the spleen. 


TEST QUESTIONS 


1. What role does the circulatory system play in the animal body ? Name the 
two types of bloodvessels and bring out the differences between them. 

2. Give a full account of the structure and working of the heait of rabbit. 

3 Describe the structure and functions of the mammalian blood. 

4* How does a portal vein differ from other veins ? Name and describe the 
portal system found in rabbit. What is the importance of portal system. 

5. Name and describe the blood-vessels connected with the liver of rabbit. 


6 . 

(a) 

( b ) 
<f) 

id) 

ie) 
7. 


How would you account for the following ? 
Auricles have thinner walls than the ventricles ? 


The venous blood is purplish 
Blood does not coagulate in 


red. . . 

the blood-vessels but readily clots outside them. 


Blood moves with jerks in the arteries. 

Heart has striped muscles unlike other viscera. 


Give a brief note on the lymphatic system. 

Give an account of the arterial or venous system of rabbit 



CHAPTER 


Oryctolagus cuniculus 

(The Rabbit) 


NERVOUS SYSTEM 



The nervous system controls the working of all parts of the body. 
It receives impulses frojn the sense organs, co-ordinates them and relays 
impulses to the effector organs like muscles and glands. It preserves the 
impressions of previous impulses to guide the animal in future. These 
impressions are described as the experiences. 


Parts of the Nervous System. The entire nervous system is structurally 
continuous and functionally integrated. However, for convenience in 
description, it is divided into three main parts — the central nervous 
system, the peripheral nervous system, and the autonomic nervous system. 


I. CENTRAL NERVOUS SYSTEM 


The central nervous system is situated along the mid-dorsal line of 
the body. It consists of two structures r brain and spinal cord. 

1. Brain (Figs. 21.2 to 21 .5) 

Morphology. The brain forms the- anterior part of the central 
nervous system and lies in the crania! cavity of the skull. It is soft, 
whitish structure, somewhat flattened and about twice as long as broad. 
It develops from the anterior enlargenment of the neural tube of the 
embryo (Fig. 21.1 A). This enlargement first gets transformed, by 
differential growth, into three swellings, the primary cerebral vesicles 
(Fig. 21. IB). These are individually called the fore-brain, mid-brain 
and hind-brain. The primary cerebral vesicles then give rise to the 
various parts of the brain by changes involving bulging, thickening 
and folding in them. 


(a) Fore-brain. Paired outgrowths from the anterior end of the fore- 
brain give rise to cerebral hemispheres. Antcroventral parts of the cerebral 
hemispheres become modified into olfactory lobes. The rest of the 
fore-brain forms diencephalon. The embryonic fore-brain thus gives 
rise to three parts of the adult brain. * ’ * 


(0 Olfactory Lobes. The olfactory lobes form the anteriormost 
part of the brain. They are club-shaped bodies, each differentiated into 
;"'o . c S' ons : the olfactory bulb projecting in front of the cerebral 
hemisphere and the olfactory tract concealed beneath the cerebral 
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FUTURE 




Fig. 21.1. A — Neural tubs B — Primary cerebral vesicles 
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• TEDULLA OBLONGATA 


VERMIS 


I 

. ^ Emin of rabbit— dorsal view (apart of the right cerebral 

^sphere has been removed to show d, encephalon and optic lobes) 

• t. tbp olfactory lobes are relatively small, indicating less 
^' Sph % e ;b Jinimal on sense of smell. Each olfactory lobe encloses 
exTerndy narrow cavity, the olfactory ventricle, which opens behind 
o the lateral ventricle of its side. 
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07) Cerebrai Hemispheres. The cerebral 
called cerebrum are very large and form about two-third ot the wnoie 
brain. They partly cover the olfactory lobes in front and compl 1 

overlap the diencephalon and the °P** C lobes beh . 1 , er oove 
hemispheres are separated from each other by a deeplon^itud n g o » 
the median fissure. The surface of each hemisphere is smootn savt? 
for two grooves or fissures : the Sylvian and rEToal fissure^; which idm 
it into lobes. The Sylvian fissureTtesobliquely at the outersde of each 
hemisphere and divides it into an anterior frontal lnbe poster or ined 

parietal lobe and the postero-lateral temporal lobe. The rhinal hssur 
lies longitudinally on the ventral side of the hemisphere and separat 
amedfan hippocampal lobe from the frontal and temporal togg. 
Though distinct to look at, the two hemispheres are inttmate joined 
together by a transverse band of nerve fibres, the corpus callosum, whictt 



can be seen by gently pulling the hemispheres apart. The hind end of the 
corpus callosum bends downwards and forwards to join another tract, 
the fornix, of longitudinal fibres. Bounded dorsally by the corpus 
callosum, ventrally by the fornix and laterally by Ihe hem isph eres is a. 
space, the pseudocoel or fift h ve ntjjcle. I?lsTo^be noteTthaTlTas~not ._ 
a true ventficIeraTTf'is not inside the brain. Each cerebral hemisphere 
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contains a narrow branching cavity, the lateral vent ricl e (Fig. 21.5). Thj 
roof and dorso-lateral wall of the lateral ventricle are thin and are called 
the pallium while its floor and ventrolateral wall are thickened to form 
the corpus striatum. The two lateral ventricle-s communicate with ea^h 
other and with the third ventricle by a transverse passage, the foramen of 

Monro . 


(in) Diencephalon. The diencephalon is quite small and lies beneath 
the cerebral hemispheres. It enctoses a narrow laterally-compressed 
cavity, the third ventricle. The lateral walls of the third ventricle are 
greatly thickened and are called the optic thalami. Its roof is thin, 
vascular and non-nervous. It consists of an epithelium covered by 
vascular piameter. The two layers are fused and are together called te a 
chiroidea. Vascular folds of tela choroidea project into the third ventricle 
to form the anterior choroid plexus The latter extends into lie lateral 
ventricles. A slender outgrowth, called the pineal stalky arises from the 
roof of the third ventricle, extends backwards and ends in a small 
rounded structure, the pineal body. On the floor of the third ventricle 
L a funnel- like d^pressionT’W^umK 1 ’ 111 ' 1 ™- which bears the pituitary 
body below Asm ill rounded -body, the corpus albicans or corpus 
mammillariU. attached to the ventral side of the diencephalon behind 
the piruTtaryloody. The optic cliiasraa or the -crossing of the two optic 

nerves is found in front of the pituitary body^ 

(b) Mid-brain. The mid-brain produces two parts : optic lobes on 
the dorsal side and crura cerebri on the ventral side. 

m Optic Lobes. The optic lobes are also hidden beneath the 
cerebral hemispheres. A transverse groove divides each optic lobe 
into two parts : the anterior larger and the posterior smaller. The four 

anterior and posterior 
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Fig. 21.4. The brain of rabbit— sagittal section 

, hlls f orm ed are collectively called the corpora quadrigemina 
?he anterior a^d posterior pair are respectively called the superior and 
inferior colliculi. The opticjobes_are almost soli d. 

(ii) Crnra Cerebri. The crura cerebri are two thick bands of nervous 
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tissue running antero-posteriorly below the optic lobes and linking the 
diencephalon with the hind-brain. 

(c) Hind-brain. A dorsal projection from the anterior end of the hind- 
brain develops into the cerebellum while the remainder of the hind-brain 
becomes medulla oblongata. The'floor of the cerebellum thickens into 

pons varolii. 

( i) Cerebellum. The cerebellum, like the cerebrum, is a very large 
ar d well-developed part of the brain. It projects forwards to meet the 
cerebral hemispheres and also extends laterally. It is differentiated 
into five lobes : a larse median lobe called The^ vennis, two small 
lateral lobes on the sides of the vermis, and Two still smaller floecular 
lobes outside the lateral lobes. The surface of the cerebellum is thrown 
into numerous folds, the gyri, separated by deep grooves, the sulci. 
The cerebellum is solid. Its section shows a tree-like pattern of branch- 
ing lines, the arbor vitae. ' 

///) Medulla Oblongata. The medulla oblongata is the posteriormost 
part of the brain. It is broad in front but tapers behind to pass 
insensibly into the spinal cord. It encloses a wide cavity, the fourth 
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Fig. 21.5. Brain of rabbit in longitudinal 
horizontal section showing ventricles. 


ventricle. A narrow median longitudinal passage, the iter, extends 
through the mid-brain and connects the fourth ventricle with the third 
\entricle. The roof of the fourth ventricle is thin, vascular and non- 
nervous. It is called tela choroidea and consists of an epithelium fused 
with piamater. Its vascular folds project into the fourth ventricle as the 
posterior choroid plexus. 
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(7/7) P pns V a rolii. The pons varolii is a transverse band of nerve 
fibres running across the ventral surface of the medulla oblongata and 
connecting the two sides of the cerebellum. 

All the ventricles of the brain are continuous and contain a lyrnph- 
liVe fluid, termed the cerebrospinal fluid. This fluid is secreted by the 
anterior and posterior choroid plexes. 

The sides of the brain are connected at many places by bands of 
fibres called the commissures. Of these, the corpus callosum which 
connects two halves of the cerebrum and 
pons varolii which connects two sides 
of the cerebellum are very evident and 
have already been mentioned. Others 
are not visible in the undissected brain. 

These include the anterior commissure 
connecting the corpora striata, the 
middle commissure between the optic 
thalami, the posterior commissure joining 
the two anterior corpora quadrigemina, 
and the hippocampal commissure bet- 
ween the two hippocampal lobes. 

Histology. The brain is composed 

of two types of nervous matter : grey matter consisting of nerve cells 

and white matter made up mainly of nerve-fibres, the fatty sheaths 
of which give it its white appearance. In the olfactory lobes, 
cerebral hemispheres, dicncephalon ‘ and cerebellum, the grey 
matter is externa! and white matter internal. In the optic lobes and 
medulla oblongata the arrangement is reverse, i e. white matter is 
external and °rey matter internal. In the cerebellum, the internal white 
matter has the form of a branching tree, the arbor vitae (already 

referred to). 

Meninges. The brain is surrounded by three membranes (Fig. 216) 
known as the meninges (singular meninx). The inner meninx is verv thin 
and highly vascular. It closely invests the brain. It is called the pia 
mater " The middle meninx is also thin and vascular. It is termed the 
arachnoid membrane. There is a narrow space between the pia mater 
and the arachnoid membrane. It is called the subarachnoid space It 
contains cerebrospinal fluid and is traversed by connective tissue strands. 
The outer meninx is quite thick and tough. It lines the cranial cavity 
and is named dura mater. A narrow space also exists between the dura 
mater and the arachnoid membrane, ft is called the subdural space. It 
also contains the cerebrospinal lluid. The cerebrospinal fluid is secreted 
into the ventricles of the brain by the choroid plexes. It passes out into 
the subarachnoid space through three openings in the roof of the 
medulla oblongata. From the subarachnoid space, it is absorbed by the 

blood vessels of arachnoid membrane. The cerebrospinal lluid, thus, 

ultimately goes into the venous system. 

Functions. The olfactory lobes are concerned with the sense of 
smell. As the rabbit locates its food mainly by sight, its olfactory lobes 
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are relatively small in size. The cerebral hemispheres recei e ^ 

impulses from the sense organs and initiate motor impulses or y 

movements. They are also the seat of intelligence, memory, will ana 
emotions. These faculties are poor in rabbit as the surface ofthe 
hemispheres is almost smooth. The diencephalon acts as a relay 
in conveying the impulses to the cerebrum and as integrating cer * 
the autonomic nervous system. It also perceives some c rl f ?. en f ’ f . 
like extremes of heat, cold, pain, etc. The superior collicu 1 
receptive centres of the sense ot sight and the posterior colliculi s 
integrate auditory impulses. The crura cerebri carry sensory impu ses 
from the medulla obloDgata and the spinal cord to the optic thalami and 
thence to the pallium. The cerebellum maintains equilibrium and 
coordinates the voluntary movements. It is well developed m rap 1 
as it performs a wide range of active movements. The medulla 
oblongata controls the involuntary movements like those of internal 

organs. 

2. Spinal Cord (Fig. 21.7) 

Morphology. The spinal cord is a long, whitish, tubular structure situ- 
ated in the neural canal of the vertebral column (Fig. 15.1). It develops 
from the posterior narrow part of the neural tube ol the embrjo (Fig. 
21.1). It extends from the medulla obloDgata to the lumbar region where 
it narrows into a slender non-nervous thread called the filum terminate. 
It shows little differentiation except that it is slightly flattened dorso- 
ventrally and is somewhat thickened in the region of fore- and bind-limbs 
to form the brachial and sciatic swellings. All along its mid-ventral 
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Fig. 21.7. The spinal cord of rabbit — transverse secticn. 

line, the spinal cord has a deep groove, the ventral fissure. A very 
shallow depression, the dorsal fissure, likewise extends along the 
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mid-dorsal line of the entire cord. It marks the line along which the 
folds of the neural tube fuse during development of the nervous system 
and is indicated in the thickness of the cord by a thin septum of con- 
nective tissue. The spinal cord encloses in it a narrow longitudinal 
cavity, the central canal, lined by an epithelium. The central canal 
opens’ in front into the fourth ventricle of the brain but is closed 
behind, ft is filled with the cerebro-spinal fluid. 


Histology. Like the brain, the spinal cord is also composed of two 
types of nervous tissue : grey matter and the white matter. The grey 
matter is internal, / c surrounds the central canal. It has the form of a 
rectangle whose angles are drawn into dorsal and ventral horns or 
cornua It consists mainly of nerve-cells and non-medullated nerve- 
fibres hence its grey colour in the fresh cord. The horns of the grey 
matter are continued into the roots of the spinal nerves. The 
white matter is outside the grey matter. It consists mainly of the 
medullated nerve-fibres the fattv sheaths of which ciye it white 
annearance in the fresh cord. The white matter is divided by the 
horns of the grey matter into three columns on cither side : the dorsal 

lateral and ventral columns. 

Meninges All the three meninaes (oia mater, arachnoid membrane 
and dura mater) covering the brain are continued over the spinal cord. 
Thev likewise enclose the subarachnoid and subdural spaces containing 
the cerebo-spinal fluid. The dura mater however does not line the 
neural canal -o that there is an additional space, the epidural space, 
between it and the bony wall of the neural canal. This cavity contains 
fatty and connective tissues and veins. 

Functions The spinal cord conducts the sensory and motor impulses 
to and from the brain It is also a centre for the spinal reflex actions. 

II. peripheral nervous system 

The peripheral nervous system consists of nerves which connect the 

central nervous system with the sense organs and muscles of the body. 
These nerves can' be classified into two categories according to their 
nlace of ori«in, namely, the cerebral or cranial nerves which arise from 
f' ,] 1C spina! nerves which start from the spinal cord. 

Regarding Ihcir funciions. the nerves can be divided into three groups : 

fhe 8 sensorv or afferent nerves which carry the sensory impuhes from the 
the sen y ^ ceJ traJ nerV ous system ; motor or efferent nerves 

S °h nn a the impulses of motion from the central nervous system to 
” h J muscles 8 and Jhe P mixed nerves which carry the sensory impulses 
{o and motor impulses from the central nervous system. 


1. Cerebral Nerves 

T . prP qre twelve pairs of cerebral nerves in rabbit. They leave the 
cranium through apertures or foramina in its wall and mainly innervate 
the different parts of the head alone. 

1 The first pair of cerebral nerves are called the olfactory nerves. 
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They arise from the olfactory lobes and supply the sensory epithelium of 
the nasal chambers. They are sensory in nature. 

2. The second pair of nerves, called optic nerves, arise from the 
floor of the diencephalon in front of the infundibulum. The two optic 
nerves cross each other to form the optic chiastna. They innervate the 
retina of the eyes. They are also sensory nerves. 

3. The third pair or the oculomotor nerves originate from the corpus 
albicans. They are distributed to four out of six eye muscles, namely, 
the inferior oblique, internal rectus, superior rectus and inferior rectus. 
They are motor in nature. 

4. The fourth pair of nerves, known as the pathetic or trochlear 
nerves, start from the dorsal side of the brain just behind the corpora 
quadrigemina and go to the filth or superior oblique muscle of the 
eyeball. They are also motor nerves- 

5. The fifth pair or the trigeminal nerves are large nerves and arise 
from the sides of anterior part of medulla oblongata. Soon after 
its origin, each nerve enlarges into a ganglion, the Gasserian ganglion, 
and then divides into three branches : (/) ophthalmic branch which 
supplies the skin of the snout and is sensory in nature, (z7) maxillary 
branch which supplies the palate, teeth of the upper jaw and the 
vibrissae and is also sensory in nature and (Hi) mandibular branch 
which supplies the teeth and muscles of the lower jaw and the tongue. 
It is mixed in nature. The trigeminals are, thus, on the whole, 
mixed nerves. 


6. The sixth pair or the abducent nerves begin from the floor of the 
medulla oblongata close to the median line and are spread over the 
sixth or external rectus muscles of the eyeballs. They are motor in nature. 


7. The seventh pair or the facial nerves are again large nerves. 
They commence from the sides of the medulla oblongata. Each divides 
into three branches : (/) the palatine branch to the roof of the buccal 
cavity, (ii) cb’^da tympaui to the salivary glands and (U) the hyomandi- 
bular branch to the muscles ot the lacc, hyoid apparatus and the lower 
jaw. The facials arc on the whole mixed nerves. 


8. The eighth pair or the auditory nerves arise from the sides of the 
medulla oblongata and proceed to the internal ear. They are sensory 
nerves. 


9. The ninth pair or the glossopharyngeal nerves take their origin 
from the sides of the medulla oblongata and are distributed to the tongue 
and the pharynx. They are mixed nerves. 

10. The tenth pair or the vagus (pneumogastric ) nerves are very large 
in size. They arise from the sides of the medulla oblongata. After 
leaving the cranium, each vagus nerve bears a ganglion, the vagus 
ganglion, which gives rise to three nerves : a short anterior laryngeal 
that runs inwards to supply the larynx ; a long cardiac depressor that 
runs backwards to supply the heart ; main vagus that runs backwards 
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to supply the heart, lungs and stomach. Near the heart, the main 
vagus sends one branch, the recurrent laryngeal, forwards to the larynx. 
The vagus nerves are mixed in nature. 

1 1. The eleventh pair or the accessory spinal nerves are form'd from 
a number of nerve-fibres, some of which arise from the sides of the 
medulla oblongata and others from the spinal cord. The latter, i.e. 
spinal fibres, enter the cranium through the foramen magnum to unite 
with the former, i.e. cerebral fibres The accessory spinals are distributed 
to the neck muscles and are motor in nature. 

12. The twelfth pair or the hypoglossal nerves arise from the ventral 
side of the medulla oblongata like the sixth pair. They supply the mus- 
cles of the tongue and are motor in nature. 


2. Spinal Nerves 

There are thirty-seven pairs of spinal nerves in rabbit. They are 
classified into eicht pairs of cervical, twelve pairs of thoracic, seven pairs 
of lumbar, four pairs of sacral and six pairs of coccygeal nerves. 
Practically all the spinal nerves are similar in origin and distribution. 

Origin. Each spinal nerve arises from the spinal cord by two roots ; 
the dorsal and ventral, which arc prolongations of the dorsal and ventral 
horns of the grey matter respectively (Fig. 21.8). The dorsal root 
consists of sensory fibres and bears a ganglion on it. The ventral root 

is composed of motor fibres and has no ganglion The two root* unite 
in the neural canal to form the spmal nene which comes ou through 
an intervertebral foramen. The first pair of spinal nerves leave the 
neural canal between the skull and the first vertebra and the succeeding 
nerves come out in front of the corresponding vertebrae through the 

invertebral foramina. 

Distribution Outside the neural canal, the spinal nerves divide 
and subdivide to supply their fibres to the skin and muscles of the body. 
AM of them ire therefore, mixed in nature. A few spinal nerves, 
however h?ve a special diminution also. The third cervical nerve 
nroduces a special branch, called the auricular nerve, which supplies the 
n nna ofthc ear. Special branches from the fourth, fifth and sixth 
cervicals unite to form the phrenic nerve which innervates the muscle* 

the Hinnhraom. The posterior four cervical nerves, namely, the filth, 
sixth seventh "and eighth, and the first thoracic nerve join to form the 
brachial plexus from which nerves proceed to the shoulder and the fore- 
Hmh The posterior two or three lumbar nerves and the anterior two or 
three sacral nerves unite to form the sciatic plexus which sends nerves to 
the pelvis and the hind-limbs. 

Since the spinal cord ends in the lumbar region, the lumbar and 
• *cral nerves run backwards for a considerable distance within the neura 
^ n ni before they come out through the corresponding intervertebral 
foramina. These nerves form a bundle which is called the cauda equina 
from its resemblance to the horse’s tail. 
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The autonomic nervous system consists of two parts . the sympat 
tic and parasympathetic, which have antagonistic effects. 

1 Svmoathelic Nervous System. The sympathetic nervous system 

consists of a pair of Ion g a ® d’ix te n d ^pos t°en o r 1 y' to’ the' end" f film body. 
They ft ru C n er alo r ngs n ide the common carotnd^arten^ injhe ^eck and 
■beside the aorta m thorax called the anter ior cervical ganglion 

ganglia in the ?® cI k .' „ and the posterior cervical ganglion lying 
situated near the lary furtber bears twe ive thoracic 

near the innominate art y. abdominal ganglia in the abdomen. 

ganglia in l he *' 10r „\, dom ? nat ganglia are connected with the spinal 
The thoracic and abdominal g 6 jcantes . These ganglia give off 

nerves by small nerves t vis cera like the blood-vessels, heart, 

efferent nerves to thev anous ^ 

lungs, stomad , ’ thoracic "anglia unite to form a large 

Nerves from a few P ost ®" jthe r s j d e.“ The two splanchnic nerves 
nerve, the splanchnic nerve, o th^ ab(Jomcn where they join with a 

pierce the diaphragm d s tbe mesentery just in front of the 

large coeliac ganglion situated ! The coeliac ganglion is 

origin of “ntenor jneseme (eric „ an g, ion lying behind the 

connected behind with the anter.o^ arjse from these ganglia and 

anterior mesenteric artery s - and lheir nerve s together 

supply the ab » the solar plexus. ' 

form what is ca qnCT ij a likewise end in the 

Nerves from a few hinder a om .'^ behfnd the origin of the 
posterior mesenter.c ga ngho" 'V = ta . This ganglion sends nerves 

posterior mesenteric arteryfrom^th, The posterlor mesenteric 

to the rectum and th ; rrn^ , he posterior plexus. 

ganglion and its n supplies the internal organs or the 

The sympathetic ne ™°“* isj j£ f r om the ganglia of this system are all 
viscera only- The nerves arising movements of the viscera. As the 

motorasthey chiefly control^ involuntary> the sympathetic nervous 

movements of the ntro i the involuntary actions. 

system may be sai . System. The parasympathetic nervous 

2. Parasympathetic NerVfrom ^ brain as we ll as the spinal cord 
system consists of fib ' through the oculomotor (Hi), facial (vn). 

Those from the bram c ™ (x) nerve s while those fro ml he ^<na\ 

glossopharyngeal (ix) and ( 6 and sacral spinal nerves. These 

ford emerge by way of ‘he II. r ^ te the same structures as the sympa- 

parasympathetic fibres i act j on ofthe parasympathetic fibres 

KftSR JW5S i—* m '“- 

Reflex Action of acti ons : voluntary and involuntary. 

Animals perform two yy 
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The voluntary action is performed by the animal with its will. In this 
action the animal exercises free choice as a result of which the same 
stimulus may get different responses at different times, depending upon 
the situation. For instance, at the sight of a snake one may run away 
if unarmed and try to kill it if armed with a stick to save oneself. The 
involuntary action, on the other hand, is performed by the animal 
without its will. It is very quick and the animal has no choice in it. 
Consequently, the same stimulus always receives the same response just 
as in a machine pressing of a particular button results in the movement 
ot a definite part of it. For example, the hand is withdrawn every tim& 
it is pinched suddenly. The involuntary actions are known as the reflex 
actions. 
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Definition of Reflex Action. A reflex action may be defined as a 

spontaneous, automatic and mechanical response to a stimulus without 
the will ol an animal. 

„.rS am f ( ? of Refle * Action. Examples of reflex action are many and 
A tew are cued here. A very good example is afforded by the 

m . 3 deja P ltatcd j Frog "hen touched with an acid,/ 
of i T of the lrog does not at afrinvolve the wrtTas it is devoitf 

el ctosinn of^L aCtIOnS r are perf ? r, J led in >J le Presence of the brain also, 

ete a n, s ,f p tr ° ng hght ‘ s sudden| y Hashed on them. This 

reaex act on, though performed without our will, i s in our knowledge 

It n re maay relkx »<*<>« which go on without our knLw" A 

!u eX J aC 1 t° ns ol tllis ‘ype a ro : How of bile from the call bladder 
into the duodenum when the food reaches there peristalsis of the 
alimentary canal and beating of the heart. P S,S ot the 

,hef^| ChaniSm ° f Refiex Action. The reflex action is brought about in 
the following manner. The acid when applied to a toe of a decaohaterf 

eM,n' m u late V hC tOUCh . cor P a --les of the skin. The touch corpusdet 

sersorv roofnf n a ,mpuls £. u to tlle s p mal cord through the dorsal 

impulse into n mot * 3 • nerVe / The , spmal cord transforms the sensory 
impulse into a motor impulse and transmits the latter to the leg- 
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•muscles through the ventral motor root of the spinal nerve. The muscles 
then contract to withdraw the leg. 

The Reflex Arc. The path travelled by an impulse in a reflex action 
is called the reflex arc (Fig. 21.8). It consists of three parts : 

(/) the afferent nerve which brings the sensory impulse from the 
sense organ to the central nervous system, 

(/;•) a portion of the central nervous system, brain or spinal cord, and 

(Hi) the efferent nerve which carries the motor impulse from the 
central nervous system to the muscles. 

IniDortance of Reflex Action. Reflex action is very important. It 
confers a two-fold benefit on the animal. It enables the animal to 

tft the harmful stimuli immediately so that no harm is caused 
respond to the harmful sumi i.i ^ work as the responses 

the brain would soon be exhausted. 

TEST QUESTIONS 

1 What is the function of the nervous system ? Name the various types of 
nerves and show how they differ from each other 

2. Give a brief description of the bratn ofjabbit. ^ ^ ^ ^ ^ 

3 What is central "^^^u know about the spinal cord of rabbit, 
central nervous system, write a y 

4 Give an account of the cerebral nerves of rabbit. 

I nervoussystem of rabbit. 

Refle^act ion^Vagus nerve, Soiar plexus, Diencepha.cn. Grey matter. 
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Oryctolagus cuniculus 


(The Rabbit) 


SENSE ORGANS 

The sense organs serve to make the animal aware of the various 
stimuli acting on the body externally or originating within the body 
itself. They perform this function with the assistance of the nervous 
system. 

All sense organs resemble in their basic structure as well as in their 
mode of working. Every sense organ has a specially modified cell (or 
cells) known as the receptor cell. This cell receives the stimulus and 
initiates a nerve impulse. The latter is at once relayed by the sensory 
nerve to the brain, either directly or through the spinal cord. In the 
brain the impulse is interpreted as sensation and the animal comes to 
know of the impulse acting on the sense organ. The sense organs them- 
selves are unable to interpret the impulses generated by the stimuli. 
They merely serve as a means of access to the nervous system. Actually 
speaking, therefore, the animals feel, taste, smell, see and hear with the 
brain. Of course, the brain without sense organs is of no importance. 

The receptor cells occur almost everywhere in the body. They are 
of many types and give rise to diverse sensations. They fall into two 
main categories : the external receptors or exteroceptors and the internal 
receptors. The external receptors are stimulated by changes in the 
environmental factors and make the animal aware of these changes. 
They form the popular sense organs, namely, the organs of touch, taste, 
smell, sight and hearing. The internal receptors are affected by stimuli 
originating within the body itself and cause sensations like pain, hunger, 
thirst, fatigue, sex, muscle position, etc. They mostly consist of free 
nerve endings. They are called enteroceptors when they lie in the 
alimentary canal and proprioceptors when they occur in the muscles 
tendons, joints, heart and other areas. * 

I. Organs of Touch (Tangoreceptors) 

The receptors of touch and pressure are nerve endings of three types: 
free, basket and encapsulated (Fig. 22.1). 

(1) Free Nerve Endings. These are fine branching fibres from 
sensory nerve cells, terminating in the superficial layers of the dermis 

and even extending into the epidermis. These occur in the hair-covered 
parts of the body. 
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(2) Basket Nerve Endings. These are fine branching fibres of 
sensory nerve cells wrapped round the hair follicles, torming as e 
work. These also occur in the hairy parts of the body. 

(3) Encapsulated Nerve Endings. These comprise nerve T ?^ S 
the dermis surrounded by a sheath of connective tissue. These arc 

found in the hairless regions. 

Contact of any object with the skin or hair stimulates the nerve 

endings which set up nerve impulses. The latter are 

nerves to the thalamus and probably to the cerebral hemispheres where 

the actual sensation is felt. 

The skin also has receptors for perceiving heat, cold and pain. 
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ir Oreans of Taste (Gustatoreceptors) 

IL U 8 c frxr are the taste buds (Fig. 22.2) situated 

The receptor organs ^ the so f t pa l a te. Each taste bud consists 

on papillae of the t g a the taste cells, surrounded by 

of a group of long > ce u has a small hairy projection 

cylindrical supporting cells. being eattn. Its other 

on the free end o come m contact with the ^ ^ arc 

.sc 

Si' Se carriedto the .taU'mm *"<■ *” ““ 

sensation of taste arises. 

Ill Organs of Smell (Olfactoreceptors) 

The organs of smell are the ■ «PP er ;P a . rtl chlmbere Ire^covered with 


The organs of smell are “W™ chamber, are covered with 

ethmoturbinals in this part of h f spind i e . s baped olfactory cells 

olfactory epithelium, which const 3) F Each o if act0 ry cell bears a 

and columnar s u PP“ r «"8ff ^ai ?Hke pro^sses at its free end and its 
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Like the taste cells, the olfactory cells are also stimulated by chemical 
substances in solution which is formed in the watery mucus covering 
them. The mucus is secreted by special mucous glands present in the 
olfactory epithelium. An important difference from the taste cells is 
that the olfactory cells are stimulated by chemicals from a distance and 
in much lower concentration. The chemical vapours emanating from 
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Fig. 22.2. Vertical section throueh Fie 07 7 nifarmr., r 

a taste bud of rabbi. elfnd to section cp,t, . lellu m with mucous 

giana m section (redrawn from Young) 


the odourous substances diffuse into the air with which they enter the 
nasal chambers through the external nares. Here they dissolve in the 
mucus and stimulate the olfactory cells. The latter change the chemical 
stimulus into sensory impulse which is transmitted by the olfactory 

SK tn b s r e ai of s I ‘reU m i' he u b ?7 ^ ‘ 

«>!**"»»** the Presence of enemas SffS 


IV. Organs of Sight (Photoreceptors) 

The organs of sight are a pair of eyes. They are situated in the 
eye-sockets or orbits and are only partly visible from outside 

Structure The eyeball is roughly spherical in form. Its wall is 
composed of three ayers or coats. Beginning from outside, these coa 
are named fibrous tunic, urea and retina. Of these, the fibrous tun c 
alone is complete. Others are incomplete anteriorly! 
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1. Fibrous Tunic. The fibrous tunic is the outermost coat of the 
eye-ball. It is quite thick and touch. It protects the eyeball and 
maintains its form. It has two distinct regions : a larger, posterior, 
opaque, whitish part, the sclerotic, and a smaller, anterior, transparent, 
exposed part, the cornea. The sclerotic is composed of a dense fibrous 
connective tissue and is largely hidden in the orbit. A small portion of 
it is, however, visible externally. This is commonly cdlled the “white” 
of the eye. All the muscles that move the eye are inserted over the 


SUSPENSORV 

LIGAMENT 
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Fig 22.4. Vertical section of the mammalian eye 

sclerotic The cornea is composed of a peculiar variety of connective 
tissue It is covered externally by a thin transparent epithelial layer the 
conjunctiva, which is continuous with the inner lining of the eyelids. 
The U con Um c d v a is fused with the cornea.. The cornea lacks blood 
vessels and is nourished by lymph from adjacent areas. The cornea is» 
thicker than the sclerotic and is slightly bulged anteriorly. Its cur\ed 
surface assists the lens in focusing light rays. 

7 Uvea. The uvea is the middle coat of the eyeball. It shows 
three regions' Its greater part lines the sclerotic and is known as t ie 
choroid ^ The latter is composed of a soft connective tissue vvi 

-s. rsjssns -smsw 

thin coloured ,S rt ' ™ai„> two sets of smooth (involunt.ry) muscle 

makes the pupil smaller w hd . rr be degree of pigmentation 

disposed in a radial manner dilates it The degree I P rabbits , 

in the iris gives characteristic colour to the eye. 
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there is no pigment in the iris whose blood-capillaries give the eye its- 
pink colour. Just behind the peripheral margin of the iris, the uvea 
becomes thicker, less vascular, and less pigmented. This part of the 
uvea is called the ciliary body. The inner surface of the ciliary body is 
thrown into radiating folds, the ciliary processes, which project into the 
eyeball. The ciliary body contains the ciliary muscles which run both 
in a circular and meridional direction with respect to the eyeball. The 
meridional muscles are attached at their inner ends to the choroid 
and at their outer ends to the point where the sclerotic meets the 
cornea. 

3. Retina. The retina is the innermost coat of the eyeball. It is a 
very delicate coat and lines the whole of the uvea. Like the uvea, it 

also shows three regions. 
These are called the optic, 
ciliary and iridial parts. 
The optic part of the retina 
is in contact with the 
choroid. It is thick and 
sensitive to light. Detailed 
microscopic structure of 
this part of the retina is 
given in chapter five. The 
ciliary and iridial parts are 
thin and non-sensory. They 
are in contact with the 
ciliary body and the iris 
respectively. The ciliary 
body and the iris are, thus, 
composed paitly of the 
uvea and partly of the 
retina. A small area of the 
optic part of the retina 
lying exactly opposite the 
centre of the cornea is 
called the area centralis or 
macula lutea or yellow 
spot. In the middle of the 
yellow spot is a shallow 
depression, the fovea cent- 
ralis, which is the place 
. of most distinct vision. 

The optic nerve leaves the eyeball from behind by piercing the eye 
coats. The point on the retina from where the optic nerve emerges 
is called the blind spot as it lacks the visual elements and is insensitive 
to light. 

A transparent solid body, the lens, lies just behind the iri*. It is 
enclosed in a thin transparent elastic membrane, the lens capsule It is 
biconvex but more convex behind than in front. It is kept firmly in its 
place by a strong and elastic frame called the suspensory ligament which 



Fig. 22.5. Diagram showing changes during 
accomodaiion 
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extends from the capsule to the ciliary processes. The lens and its 
suspensory ligament divide the cavity of the eyeball into two chambers . 
the anterior smaller aqueous chamber and posterior Jarge vitreous 
chamber. The aqueous chamber is partially divided b Y the into 
anterior and posterior parts. These parts are continuous with each other 
at the pupil P The aqueous and viterous chambers are filled with a clear 
watery^ aqueous humour and a thick, transparent jelly-like vitreous 
humour respectively. The humours keep the eyeball taut and help 

in focussing light rays. 

Protection. Eye has several protective devices. The movable eyelids 
uDoer and lower are closed to protect the delicate cornea. They 
SaHy closed at short intervals (blinking) to keep the cornea clean 
T1 ® . l at their free margin a few stiff eyelashes winch prevent 

nictitating me ™ br “" e ’ d sideW ays across the cornea when greater 
of the eye, can be moved side V , e(J situated in the orbit at the 

protection from dust or fohag js a racemose lacrymal gland 

upper and outer region watery fluid. This lacrymal fluid (tears) 

which secretes a slightly sa * t , y he surface of the eyeball, nourishes 

serves many functions. ‘‘ ^ “hVcornea and kills the bacteria. The 
the nonvascular cornea, cashes 1 ec jnto the nasa | chamber by way 

excess of this secretion is of fat surrounding the eyeball in 

of the naso-lacrymal duct A layer o. 

the orbit serves as a soft shock-proo p. 

_ U n 1 c minted in the orbit by six strap-shaped 

Movement Eyeball is rot d ^ ^ arranged in two groups : 

muscles inserted on the sde qu inc)udes f OU r muscles, namely, 
rectus and oblique. The rect ® rmedial) rectus and external 

superior rectus, inferior rect > d on ( the dorsa i, ventral, inner and 
(lateral) rectus_ These ar ' ivel and can verge to their po.nt of 

outer parts of the eyebab P J ^ Qrbit _ The oblique group 

comprises cmlyP°^o r musctes, si^ermr ^bli^e and inferior^oblique^. 

ssriS'-SpSiv'S s “-S' p °'“ of °™ n “ 

„,.ron«=dl.l angte ” f ' h ”^* oo „ on , he pri „ dple „f , photo- 

Working. T y : unct j va cornea, aqueous humour, lens, and 

graphic camera. The .con unc ^ f the s of lig ht entering the 
vitreous humour all act ; as ; lens , es focus on the ret ina. The retina 

S°es aS an 0 inv r ert g ed and smaller 

animal sees the object upright. . . 
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and suspensory ligament which form the accommodation apparatus. 
When focussed for seeing distant objects (those beyond 6 metres), the 
eye is said to be at rest. At this time, the ciliary muscles are fully 
relaxed, the suspensory ligament is under maximum tensiofi (peripheral 
pull) and the lens is flattened. For focussing the eye on near objects 
(those within 6 metres), the convexity of the lens is increased by reduc- 
ing the tension in the suspensory ligament. The tension in the ligament 
is reduced by contraction of the ciliary muscles, both circular and meri- 
dional, of the ciliary body. Contraction of circular muscles shortens the 
radius of the suspensory ligament, thus making it loose. The contrac- 
tion of meridional muscles pulls the choroid forwards, suspensory 
ligament allows the lens to shorten its diameter by its own elasticity, 
thus, becoming thicker and more convex. The thickening of the lens 
shortens its focal length and adjusts it to focus the near objects. Reverse 
occurs to see objects at greater distances. 

Eye of Sheep. Owing to its large size, the eye of sheep or goat is 
dissected in the laboratory for studying the anatomy of mammalian eye. 
It differs little from that of rabbit. A dissected eye is shown in the 
figure 22.6. 
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• ig. 22.6 Dissected eye of sheep or goat 

V. Organs of Hearing (Phonoreceptors) and Equilibrium (Statoreceptors) 

. organs of hearing and equilibrium are a pair of ears. These are 

orbehind thTeyTs. SidC ° f the head ’ a short distance above 

“"“ ,s of ,tr “ : 

1. External Ear. The external ear has two regions : pinna or auricle 
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and external auditory meatus. The pinna is a large, movable, trumpct- 
shaped structure that projects upwards from the side of the head. It is 
supported by, -.elastic cartilage. It encloses a large cavity called the 
coocha. The pinna serves to collect the sound waves. The meatus is 
a long tubular passage leading inwards from the concha. It is supported 
by cartilage in the outer part and by bone in the inner part. It is lined 
with skin continuous with that lining the concha and covering the 
pinna. The outer region of the meatus bears hair to keep out the dust. 
Further inside, it has ce ruminou s or wax glands which secrete a fatty 
substance, the earwax or ce rumen . The latter lubricates and protects the 
tympanic’ membrane. The tympanic membrane is a thin, tightly 
stretched membrane closing the meatus internally. It is also called the 

ear-drum. 


2. Middle Ear. The middle ear is constituted by an irregular air. 
filled cavity, the tympanic cavity, present in the tympanic bulla. It is 
lined by mucous membrane and communicates with the pharynx by 
m'ans of a passage called the Eustachian tube which is directed 
forwards downwards and inwards. The pharyngeal opening of the 
Fustachian tube remains closed except during swalloing, yamng and 
shouting when air enters or leaves the tympanic cavity to equalise the 
air nressure on the two sides of the tympanic membrane. Inner wall of 
the tympanic cavity is formed by the bony auditory capsule and has two 
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Fig. 22.7. T S. Head of rabbit through the ear 

* which out it in communication with the internal ear. Of these, 
apertur llec j t h e fenestra ovalisor oval window and the lower fenes- 

the upp round window. Both these windows are closed by a mem- 

brane^ ^ Th^tyi^anic membrane is connected with the fenestra ovalis 
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by a chain of three small movably-articulated bones, the ear ossicles, 
that stretch across the tympanic cavity. Of these, the outer is hammer- 
shaped and is called the malleus. It is attached to the inner surface 
of the tympanic membrane. The middle is anvil-like and is called the 
incus. The inner resembles the stirrup in shape and is known as the 
stapes. It is attached to the membrane covering the fenestra ovalis. 

3. Internal Ear. The internal ear (Fig. 22.8) consists of a compli- 
cated structure called the membranous labyrinth. It is enclosed by a 


ANTERIOR 



similarly-shaped bony labyrinth formed of the periotic bone. The bony 
and membranous labyrinths are joined together at certain places only. 
Elsewhere there is a narrow space between the two and this space is 
filled with a fluid called the perilymph. This fluid is in reality the 
cerebrospinal fluid, the space containing it being in communication with 
the subarachnoid space round the brain The membranous labyrinth 
itself is filled with another fluid, the endolymph, whose viscosity is two 
to three times that of water. The membranous labyrinth has three 
parts : vesnbule, semicircular ducts and cochlear duct. 


I ,hv rim ! . u e ' J he . vestl J^e forms the central part of the membranous 

arcer . t h rirnh. 1S u u £r dlffcrentiated in t° two chambers : the upper 
lowrr , n Whl , ch co T ra , unicat es WIth the semicircular ducts and the 
are 1oin£d hi , 5 ^ cu ' us ’ whtch communicates with the cochlea. The two 

tube J the d endolvmnh ^ f area >. the sacculo-utricular duct. A dorsomedial 
a short x? * ,C arises from the sacculus and ends blindly at 

nfrnnTh - The )L estlbuie has two sensory spots, the maculae, for the 
termed f the mar ri | Um i ? n ?. of , lhese lies in the wall of the utriculus and is 
Zmef m utr,c “!« ' the other is iD the wal > of the sacculus and 

of receptor" ce IU Each macu,a (Fig ' 229) consist s of a group 

v'S*® r cel,b and supporting cells. The receptor cells bear short 

branch^ th P eSSeS H a t h£ fr£e £nds and receive fibres from the vestibular 
C i° ' e audlt °y , n . erve - The sensory processes of the receptor 
cells are partly-embedded in a gelatinous mass, the cupule. Tiny calcare- 

cupule CS ° a 6d ° tOCOnia ’ are de Posited in the outer part of the 
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( b ) Semicircular Ducts. There are three semicircular ducts placed 
in three mutually perpeijdicular planes. They are called the anterior 
vertical duct, the posterior vertical duct and the horizontal duct according 
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Fig. 22.9. V.S. Crista 

(Macula has a similar structure except that the sensory 
hair of the receptor cells are shorter) 


HClll v/* mv » - — 

n their oosition. All open into the utriculus at either end. The 
interior and the posterior vertical ducts join together at their adjacent 
‘nds to form a common duct, the crus commune, which then opens into 
he ntrirnlus One (lower) end of each semicircular duct is enlarged to 
‘LTJLlla The ampulla of the horizontal duct is situated 

dose to that of the anterior duct. Each ampulla has a 
interior y, , f the sen se of equilibrium. This is called the crista. 

rhecrisfa resembles the macula in structure except that the sensory 
[air of its receptor cells are much longer. ‘ 

✓ rwhlear Duct. The cochlear duct is spirally coiled like the shell of a 

m 7 HU sometimes also called the snail’s shell. The part of the bony 
mail and is ding the CO cblear duct is called the cochlear canal. The 

^IV^duct and the cochlear canal together form the cochlea. I he 
cochlear due Of duct - s fused with coc hlear canal on the sides but is 

wall of the , « With the result, the cochlea shows three chambers, 

fte n in transverse section : upper, middle and lower (Fig. 

called scalae, chamber is called the scala media. It is actually the 

22.101- Jtie middle ^ ^ Therefore> it is filled 

cochlear duct a ^ and (he rQof Qf the scala med j a ar e respectively 

wl !. h ?ti° h?«Har membrane and the Meissner’s membrane. The upper and 
called the basi cochlea are termed the scala vestibuli and the scala 

lower cham ners T ^ f u jJ G f perilymph and both communicate 
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with each other at the tip of the cochlea. Towards their outer end, 
the scala vestibuli and scala tympani have a communication with the 
oval and round window respectively. The basilar membrane bears 



on it the real receptor organ of hearing, the organ of Corti. The 
latter consists of five longitudinal rows of receptor cells with tall 
supporting cells. Each receptor cell bears a tuft of stiff hair-like 
processes at its free end and receives a fibre from the cochlear branch 
of the auditory nerve at its other end. A smooth gelatinous ribbon-like 
membrane, called the tectorial membrane, lies over the organ of Corti in 
such a way that the sensory hair of receptor cells lightly contact it. 

The auditory nerve innervates the ear by two branches : the vesti- 
bular branch going to the semicircular ducts, utriculus and sacculus, 
and the cochlear branch reaching the cochlea. 

Function. The ear performs two unrelated functions : hearing and 
equilibrium. 

1. Hearing. The sound waves are collected by the pinna, concentrated 
by the concha, and directed inwards through the external auditory meatus. 
The waves impinge upon the tympanic membrane which is set into 
vibrations. From here, the vibrations are transmitted across the middle 
ear through the ear-ossicles to the membrane over the fenestra ovalis. 
Sound vibrations are amplified about ten times by the leverage extered by 
the ear ossicles on the membrane of the oval window. From this mem- 
brane, the vibrations pass through the perilymph of the scala vestibuli 
to the Reissner s membrane. The Reissner’s membrane then transmits 
the vibrations through the endolymph of the scala media to the basilar 
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membrane. The vibrations of the basilar membrane agitate the receptor 
cells of the organ of Corti. These cells transform the vibrations into 
nerve impulses which are conveyed by the cochlear branch of the auditory 
nerve to the thalamus and thence to the cerebral hemispheres, where 
the sensation of hearing arises. Vibrations from the perilymph of the 
scala vestibuli also travel to the tip of the cochlea and, passing 
through the perliymph of the scala tympani, reach the membrane 
covering the fenestra rotunda. The fenestra rotunda serves to relieve 
pressure by the vibrations of its membrane which bulges outward when 
the membrane of the oval window is forced inwards and vice versa. 


2. Equilibrium. Cristae and maculae help in the maintenance of 
equilibrium. Any change in the position of the head sets up movements 
in the’endolymph. These movements disturb the cupule and cause 
distortion of the sensory hair of the receptor cells. The latter set up 
nerve impulses which are relayed to the brain by the vestibular branch 
of the auditory nerve. 

TEST QUESTIONS 


1 Describe the structure and working of the mammalian eye. 

2 Give a detailed account of the ear of rabbit. 

3. Give the Dames and position of the five sense organs. Describe those con- 
cerned with smell, taste and touch. 

4 Make a list of the essential and accessory parts of the organs of sight and 
hearing. Explain why these parts are so named. 

5 What are the names and functions of the fluids found In the eye and ear of a 
vertebra* ? ^Discuss the influence of cutting off the optic and auditory nerves on the 

animal. 

6. Write note on : 

Organ of Corti, Retina, Accommodation Power, Pinna, Iris. 

..iiWtU' 
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Oryctolagus cuniculus 

(The Rabbit) 


URINOGENITAL SYSTEM 

The urinogential system consists of two distinct systems, namely, 
the urinary or excretory system and genital or reproductive system. 
These sj stems perform different functions and arise independently 
during development. .But they are described together because they 
become intimately connected with each other in the adult. 


I. EXCRETORY SYSTEM 


The excretory system serves to eliminate waste or unwanted 
materials from the body. These materials include nitrogenous com- 
pounds like urea, uric acid, ammonia ; excess of water; various pigments 
and inorganic salts. All these are eliminated as an aqueous solution 

known as urine. Removal of excess water and salts helps keeping the 
volume and composition of the blood constant. — 

Morphology 


■ ™?. e * cretor y sys feny s simile in b°tli the sexes. It comprises a 
pair of kidneys, a pair of ureters and a urinary bladder. 

Kidneys. These are the excretory organs. Th ey are dark-red bean- 
shaped bodies and are situated in the anterior part of the abdomen, 
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one on either side of the 
median line, with their con 
cave sides facing inwards. 
They are attached to the dorsal 
body-wall and are covered by 
peritoneum o.i ventral side 
only. Their position is asy- 
mmetrical, as the left klffney 
lies a little behind the right. 
Probably, the stomach, which 
lies on the left side, pushes 
the kidney of this side back- 
wards. Ea;h kidney is- com- 
posed of innumerable fine 
tubules, the uriniferous or 
renal tubules or nephrons. 
These are interwoven with a 
network of capillaries, are 
held together by connective 
tissue, and are enveloped by 
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. r fiUrnus tissue (Fie 23.1). The uriniferous tubules are 
a “rtited taX peripheraf region of the kidney and run almost 

greatly coiled m the aPenpnen ^ ^ regioQS _ therefore , present 

doU.d .nd striated “g£ l '£3 in 

ists s ,r“ on, e ?“ :: int .ts; ..... .... 

SfcSft^TV^f^rj^'Sai “TV'K^ir : 

double -walled pou. h, th :n aries the glomerulus. The Bowman’s 

ti8htl le fi anTtheg C lomLulus together form the malpighian body. Beyond 
capsule, and the giomerui , mm f erous tubule shows three regions. 

the Bowman’s S a Pf, u ^’ n ‘ilf.ted oart lying in the cortex, the loop of 
namely, the proximal convolut P distal convoluted part which reen. 
He„.e situated m ™ f ^ ^[^usZbule /composed of a 
ters the cortex. The wall attene(i i n the Bowman’s capsule aod 

single layer of cells whi lhe cu bical cells are ciliated. The collec- 

o^ r ^ 

the p£,vis 


-" LUS SSI 

BOWMAN'S 
CAPSULE 

afferfnt 
APTEPIOLE 

proximal 

CONVOLUTED 
PART \j 

PENAL \ 

ARTFRY |\ 

VENUl.ES 


CAPSULB 


— - distal 

. /, CONVOLUTED 

PART 

CAPILLARY 
NET WORK 


COLLECTING 

TUBE 


RENAL VEIN ^ 



CORTEX 


MEDULL 

1 


LOOP OF HENI E 

V. m -^PYRAMID 

. . ti.hule with its blood supply-highly magmlicd 

Fig. 23.2. Aunniterou, ^ divi( i e s into a large 

The renal artery after entering a > terioles y B . dch afferent ^arteriole 

X^a Bowman"s capsule "from "these capillaries 


314 


ZOOLOGY 


of capillaries surrounding the urinary tubule. These capillaries then unite 
to form the venules which, in turn, unite to form the renal vein. The 
latter leaves the kidney. 

Ureters. The pelvis of each kidney is continued into a slender whit- 
ish tube, the ureter, which leaves the kidney at the hilus. The ureters 
run backwards along the muscles of the back and open posteriorly into 
the urinary bladder. 

Urinary Bladder. It is a median, pear-shaped, muscular sac, with 
thin transparent wall. It receives ureters into its dorsal wall. It is 
situated in the hind part of the abdomen, ventral to the rectum. Its size 
varies according to the amount of urine in it. The urine is yellow in 
colour and is visible through the wall of the bladder. The hinder 
narrow part of the bladder is provided with a sphincter muscle which 
generally remains in a state of contraction to keep the bladder closed. 
Beyond the sphincter, the bladder leads into a passage called the 
urinogenital canal which runs backwards through the pelvis and opens to 
the exterior by urinogenital aperture. 

The urinogenital canal is acommon passage in the excretory and genital 
products. It is called urethra in the male and vestibule in the female. 
The urinogenital aperture is situated a little in front of the anus. In 
the male it lies at the tip of a short cylindrical organ, the penis. In the 
female, it is slit-like and is termed the vulva. 

Physiology 

Three distinct processes occur in urine formation. These are called 
filtration, reabsorption and tubular secretion. 

1. Filtration. Blood flows through the glomerular capillaries under 
considerable pressure because the efferent arteriole, which leads from 
them, is narrower than the afferent arteriole, which leads into them. 
With this pressure, the water and dissolved substances of the blood are 
filtered out into the Bowman’s capsule through the walls of the 
glomerular capillaries and the capsule. This filtration occurs by simple 
diffusion. The filtrate contains in addition to water, urea, sodium and 
potassium salts, glucose, phosphate, creatinine, amino acids and a few 
peptides. The blood is left with only corpuscles and complex proteins 
and fats. 

2. Reabsorption. From the Bowman’s capsule the filtrate passes in 
to the tubule and flows through it towards the collecting tube by the 
action of cilia. As it does so much of its contents are reabsorbed into 
the blood. This reabsorption takes place in two ways : back diffusion 
and active cellular transport. Whole of urea that is reabsorbed into the 
blood, does so by back diffusion. The salts, glucose and amino acids 
are reabsorbed by active cellular transport. Of the reabsorbed water, 
major portion enters blood by back diffusion and a small portion by 
active transport. Diffusion is a physical process so that the cells of the 
uriniferous tubule have to make no effort to move the materials across 
them into the blood. Active transport on the other hand, is a vital 
process and the cells of the tubule have to perform work at the cost of 
energy in order to push the materials into the blood. 
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3. Tubular Secretion, 

reabsorption into the blood, a f potassium hydrogen ions and 
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dual animal. The reproductive or genital system, on the other hand, is 
meant for the production of young ones. This system consists of different 
organs in the male and the female rabbits. 

1. Male Genital System 

Morphology. The male genital organs are a pair of testes. They are 
piDk oval bodies, about 15 millimeters long. They develop near the 
kidneys but latter shift backwards and descend into two pouches of the 
ventral wall of the abdomen, the scrot al sacs. This occurs because the 
higher temperature of the body-cavity is fatal to the sperms Each 
scrotal sac retains its connection with the abdominal cavity through a 
narrow passage, the inguinal canal. A mass of long, narrow, closely- 
convoluted tube lies along the inner side of the testis. This is called epi- 
didymis. It extends in front and behind the testis as the caput epididymis 
and the cauda epididymis respectively. The cauda epididymis is joined 
to the bottom of the scrotal sac by a short, thick, elastic cord known as 
the gubernaculum. A spermatic cord consisting of spermatic artery, 
vein and nerve along with some connective tissue, joins the caput 
epididymis with the abdominal wall through the inguinal canal. The 
testis communicates with its epididymis by fine ductules the vasa 
efferentia which are lined by cilia. From the cauda epididymis, emerges 
a straight tube called vas deferens. It leaves the scrotal sac and enters 
the abdominal cavity through the inguinal canal. Here it curves round 
the ureter of its side and proceeds backwards to open into a median sac 
the uterus masculinus. The latter lies dorsal to the urinary bladder. 

The bladder and the uterus masculinus unite 
posteriorly to form a common passage, the 
urinogential canal or urethra. The urethra 
passes backwards as a narrow channel through 
a cylindrical erectile organ, the penis. The 
latter hangs from the ventral wall of the 
abdomen in front of the anus. Its posterior 
wall is formed of a spongy tissue, the corpus- 
spongiosum, and the anterior wall is strength- 
ened by a pair of hard structures, the corpora 
cavernosa (big. 23.4). The tip of the penis 
is called glans. It is covered by a loose retract- 
able told of skin, the prepuce or fore skin. 
The penis bears at its lower tip the urinogential 
aperture. 
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A few' glands aie associated with the male genital system. These 
include the prostate. Cowper s and perineal glands. 

The prostate gland lies on the dorsal and lateral side of the uterus 

masculinus. It consists ot 4 or 5 lobes which open into urethra bv 

small ducts. It secretes a whitish iluid which nourishes and activates 

the spermatozoa that have been lying passively in the epididymes during 
their storage period. B 
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The Cowper’s glands are a part of small ovoid bodies placed along 
the sides of the urethra posterior to the prostate gland. They open by 
short ducts into the urtethra. Their secretion is thought to neutralize 
the acidity of the urethra and vagina so that the spermatozoa are protec- 
ted from the action of the acids. 

The perineal glands are a pair of dark elongated structures lying 
next to the Cowper’s glands. They open to the exterior in the perineal 
pouches. Their secretion imparts characteristic odour to the animal. 

A pair of rectal glands are found on the sides of the rectum in both 
the sexes. Their function is uncertain. 

Physiology. The testes produce spermatoza or male gametes by an 
elaborate process of spermatogenesis. The spermatozoa are passed on 
into the epididymes through the vasa efferentia by the action of their 
cilia. The epididymes serve to store spermatoza for which they are 
very long and convoluted. The vasa deferentia carry the spermatozoa 
from the epididymes to the uterus masculinus. The movement of the 
spermatozoa through the epididymes and vasa deferentia is brought 
about by the peristaltic contractions of the muscular walls. From the 
uterus masculinus, the spermatozoa are passed into the vagina of 
the female during the act of copulation, i.e. sexual pairing. While 
passing through the urethra the spermatozoa are fixed with the 
secretions of the prostate and Cowper’s glands to form the spermatic 
fluid. These secretions provide a fluid medium for the transmission of 
spermatozoa into the body of the female. Besides this, the secretion of 
the prostate gland nourishes and activates, the spermatozoa and that of 
the cowper’s glands probably neutralizes the acidity of the urethra of 
the male and vagina of the female to protect the sperms from the acids 
of the urine. 

For copulation, the penis of the male erects and gets stiffened due 
to sudden rush of blood into its spongy tissue. Now the male mounts 
the back of the female with his fore-limbs and inserts its erected penis 
into the genital tract of the female through the vulva. During insertion 
of the penis, its prepuce is pushed back to expose the glans. Friction 
of this sensitive region with the sides of the gem'tal tract provides the 
stimulus for the ejaculation of the seminal fluid or semen. After this 
the male retires. 

2. Female Genital System 

Morphology (Fig. 23.5). The female genital organs are a pair of 
ovaries. They are small, whitish organs in the abdomen behind 
the kidneys. They are attached to thfijiorsal body-wall by a fold of 
peritoneum, the mesovarium. The surface of each ovary is marked 
with several small rounded projections, tlje ovarian or Graafian follicles, 
each containing an ovum. When ripe, the Giaafian follicles burst to 
shed the ova. 

There are two oviducts. Each oviduct shows three regions. Its 
anterior end is transformed into a wide fimbriated funnel, the fallopian 
funnel, which lies near the outer border of the ovary. The funnel has an 
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opening, called the ostium, to receive the ova as they are shed by the 
ovary. The funnel is followed by a narrow, thin-walled, convoluted 



Fig. 23.5. The urinogential organs of female rabbit 

nart of the oviduct. It is called the fallopian tube and is lined by ciliated 
epithelium. The fallopian tube leads into a broad,; thick-walled, relative- 
ly less convoluted part, the uterus. The uterus is highly vascular and dis- 
tensible The follopian tube and the uterus are suspended from the 
dorsal body-wall by folds of peritoneum called mesosalpinx and mesome- 
trium respectively. The two uteri run inwards and, crossing the ureters, 
meet in the median line to form a median sac, the vagina. The latter 
runs backwards dorsal to the urinary bladder with which it unites to 
form a short common passage, the urinogenital canal or vestibule. The 
vestibule extends backwards ventral to the rectum and opens to the 
exterior by a slit like aperture, called the female urinogenital aperture 
or vulva, situated in front of the anus. 

A few glands are associated with the female gential system also. 
These include the Cowper's perineal and rectal glands, all of which are 
paired. The Cowper's glands lie on the dorsal wall of the vestibule. 
They are reduced in size and may even be absent. The perineal and 
rectal glands are like those of the male. 

On ventral side of the trunk, there are four or five pairs of teats or 
mammae on which mammary glands embedded in the skin open to the 
exterior. They become much enlarged after birth of the young ones 
and start secreting milk for Iheir nourishment. 
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Physiology. At puberty (sexual maturity), the female goes through 
periodic oestrous cycles or pericds of heat when she seeks out and mates 
with a male for breeding purposes. Each oestrous cycle lasts for a few 
days and is followed by a few days of anoestrous cycle m which the fe- 
male becomes quiescent and does not accept the male. During copula- 
tion, the female receives semen from the male in her vagina. The sper- 
matozoa contained in the semen, swim about with their tail and passing 
forwards through the uteri, reach the fallopian tubes. Soo £ after- 
copulation the ovaries shed ova by rupturing the Graafian follicles. 
Release of o v a from the ovary is called ovulation and occurs only if there 
has been copulation. The ova are received by the fallopian funnels and 
are passed on into the fallopian tube by the action of cilia. In the 

remains suspense! : bes b y ciliary and muscular action, and reach the 

uteri^aMhe%nd of the ^egmen^ronl'^After'^a'few^days^he 

Ssf^ded bV c e^^ 

acts as a cushion to protect ^ ; M by a vascular and spongy 

an intimate connection with the utenn y capillaries of 

structure called the pla^nta ^ ‘; o each other so that the 

the foetus and the ute " L. f rorn the uterine blood into the foetal blood 

food and oxygen can d.lTusefmm me u ^ ^ ^ djffuse in the 

and the waste materials thuS; the nourishing respiratory, and 

reverse direction. The P ® us " T) , ere js no direct mixing up of the 

excretory apparatus fo protects the foetus from the disease 

foetal and maternal bio ■ which may occur in the maternal 

germs and other harmful substances, wmen, foetus thc uterus 

blood. On the comp ' t - s w hich rupture the embryonic membra- 

undergoes tal connection between the young and the mother 

nes loosen the piacen t 1 one fr0m the uterus The umbilical 

and then gradually xpel t ^y and it shr i ve ls up, leaving a scar 

st ?! k J 1S u ltt n K-llv«« g or naval on the young rabbit’s abdomen. The 
called the umbilicu he young ones is known as Parturition. After 

P l OC Z* S th f f7he 8 voung one the embryonic membranes and the placenta 
the birth of the ^ ^ b ? „ d t £ e latte r is eaten up by the mother. 

are expel led as / uroduces young ones, it is said to be viviparous. The 
Since the r t :i: zat ion of the ovum and birth of the young ones 

duration bet e tation it is only one month in rabbit. Long 

is called perm g ■ or eyen more ) anc j short gastation 

5erfod n |nabirthe ( ' rabbit bring forth 6-8 litters in a year, each comp- 
riejne 3*8 younc ones. 

The newly born rabbits are blind, naked and quite helpless Xhey 

™ ; it) bv the mother with great care and affection. Their birth 
are brough P y mammary glands to produce milk on which 

t b ™ U ire 6 fed during early life. An account of the parental care in rabbit 
is given in chapter 13. 
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Control of Reproduction 

The reproductive organs, both male and female, are controljed by 
the nervous and endocrine systems. The nervous system exercises its 
control through the brain And the autonomic nervous system. The brain 
controls the reproductive behaviour of the animal while the autonomic 
nervous system regulates 

The endocrine system controls the growth and working of the reproduc- 
tive organs by sending out hormones. Until puberty the reproductive 
organs remain under-developed and non-functional. With the approach 
of puberty, the anterior lobe of the pituitary body secretes two hor- 
mones. One of these is called follicle stimulating hormone or FSH 
in both the sexes while the other is named interstitial cells stimulating 
hormone or ICSH in the male and luteinizing hormone or LH in the 

female. 

Male. The follicle-stimulating hormone stimulates the testicular 
tubules which enlarge and start sperm-formation by spermatogenesis. 
The interstitial cells stimulating hormone, as its name indicates, stimula- 
tes the interstitial cells of the testes to produce the male hormone called 
testosterone, which induces the various organs and glands of the male 
genital system to grow to full size and become functional. 

Female. The follicle stimulating hormone brings about the growth 
of the ovaries and maturation of their follicles. As the ovarian follicles 
mature, the cells lining them start secreting the female hormones called 
oestrogens The latter induce the various parts of the female gential 
tract to grow to full size and become functional. They also result in 
the development of secondary sexual characters. The luteinizing 
hormone in cooperation with the follicle-stimulating hormone, brings 
about ovulation. After the release of the ovum, the empty follicle 
develops in it a yellowish mass, the corpus luteom, which produces a 
hormone known as the progesterone This hormone suspends ovulation 
during pregnancy, develops and maintains the placental connection 
between the foetus and the uterine wall, and influences the growth of 
the foetus. Later, the corpus luteum produces another hormone, namely, 
relaxin which widens the pelvic girdle during birth. 

TEST QUESTIONS 

1. Give an account of the reproductive system of male rabbit. Discuss the 
functions of each part- 

2. Describe the female urinogenital system of rabbit 

3. Explain the following terms : — 

Fertilization, Gestation period, Parental Care, Placenta, Glomerulus, 

4. Give an account of the formation of urine and its elimination from the body 

5. Describe the urinary system of rabbit. 
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The endocrine system regulates the 

the body sending chemical messenge . .. glands They receive 

of isolated organs called the endocnne or ducti^ glands^,^ ^ ^ 

their name from the fact that t y into t he blood that carries 

secretions which, therefore, ' neede( j. The secretions are produ- 
them to the parts of the bo y sunDlied to them by the blood, 

ce'd by the glands from t es U the endo crine system as it supp- 

proportion 

Types of Endocrine Secretions^ Secretmns^of ^ocrmejlan ^are 
known as autacoids or more cora h ^ h s(imulate activity in some organ 
oPthe 'body. othenTsuppress* or inhibit it instead. For the st.mulat.ng 
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. v» nrmones in auite appropriate because it means 
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Types of Endocrine Glands. The endorcrine glands may be grouped 
into two categories : those devoted entirely to secretion of hormones 
and those partly endocrine in function. The first category mclu es 
six -glands, viz. thyroid, parathyroids, thymus, adrenals. ^ pituitary and 
pineal. The second category comprises the groups of gland cells situated 
in organs like pancreas, gonads and alimentary canal (Fig. -4.1.). Being 
of dual purpose these are sometimes called heterocrine glands 

1. The purely endocrine glands will be described first. 

1. Thyroid. The thyroid is a bilobed structure situated just beneath 
the larvn>. It secretes an iodine-containing hormone called the throxine. 
This hormone regulates the rate of oxidation of food in the body, in 
order to liberate the required amount of energy for muscular activity. 
The hypersecretion i.c. excess of this hormone, increases the rate ot 
oxidation and leads to quick consumption of food so that nothing 
remains for storage as fat. This in turn results in quick heartbeating, 
warm skin, nervousness and in some cases in bulging eyes. The disorder 
can be cured by a surgical removal of a part of the gland. 

Deficiency of thyroid hormone produces opposite, symptoms. It 
reduces the rate of oxidation and leads to fat formation in the body. 
Activity of heart and nervous system is retarded. The deficiency 
produces cretinism in the infants and myxoedema in the adults. A cre- 
tin shows stunted growth, awkward body, mental backwardness and 
retarded sexual development. In myxoedema, there is thickening of the 
subcutaneous tissue, muscular weakness and reduced basal metabolism. 
Both the conditions can be treated by giving thyroxine or feeding on 

thyroid. 

Thyroxine also controls the working of kidneys. Its deficiency results 
in decreased urine output and vice-versa. 

A pathological enlargement of thyroid, called goitre, develops from 
deficiency in iodine needed to manufacture its iodine containing 
hormone. 

2. Parathyroids. The parathyroids are four small glands placed on 
the thyroid, two on each lobe. They secrete a hormone called parathor- 
mone or Collips hormone after its discoverer. It regulates the calcium- 
phosphorus balance in the blood. The growth of bones, muscle tone and 
normal nervous activity is dependent on a fixed calcium-phosphorus 
balance. 

3. Thymus. The thymus is a large, soft, pinkish mass situated in 
front of the heart around the roots of the great blood-vessels. It 
gradually atrophies in the adult. Mainly it is a lymphoid tissue but 
secretes a hormone. The thymus hormone accelerates the growth and 
division of cells and, thus, influences the rate of growth during early 
life. It also hastens attainment of sexual maturity. 

4. Adrenals. The adrenals, also called suprarenals, are a pair of 
small, fiat, ovoid, whitish glands located one in front of each kidney. 
Each gland consists of two regions : outer cortex of mesodermal origin 
and inner medulla derived from nervous tissue. The cortex secretes many 
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hormones, the more important of which are cortisone, cortexone, aldoster 
one and sex hormones. The cortisone regulates the carbohydrate and 
nrotein metabolism Its deficiency causes Addison s disease in which 
the patient experiences muscular weakness, nervous depression and low 
blood-pressure ” Cortexone influences salt and water metabolism. 
Aldosterone controls salt and carbohydrate metabolism. 

The medulla produces two hormones : epinepbrin (adrenalin) and 
The meaun P . ren ilin) The latter regulates blood pressure under 
norepmephrin (noMdrenahn). i« % secreted at the time of 

routine arcumstances ' v for facing special conditions created 
emergency to prepare the a alitor rac^ ^ ^ ^ 

by muscular exertio 1 ter amount of energy which is provided 

All these conditions eq b f ood . pressure , respiratory rate, muscle tone, 

by increasing heai bea^ and P b|ood supply of skeleta l muscle and 

b£n Besides serving - a "hipjor r 

of'diisliormone ^Tlie adrenals are often described as the “glands of 

emergency. nituitarv is attached to the ventral side of the 

5. Pituitary. bes j n a depression on the floor of the 

brain (diencephalon) ‘ t th p anterior, intermediate and 

cranium. It consists of pan^ intermedjate , obes dev elop as an 

posterior lobes. e h£ harynx while posterior lobe originate 

outgrowth from the root P f the brain xhe anterior lobe secretes 

as a downgrowth trom n f tbese t wo are called gonadotropic or gonad- 
seven distinct hormones. Of these^two: “^owth and functioning of the 

controlling hormone £ ^ fol | ic i e -stimulating hormone (FSH) in 

gonads. One of these the product ion ol gametes— eggs and 

both the sexes. ® d j s known as the interstitial cells stimulating 
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hormone termed *® s *° of progesterone by the corpus luteirm. 

causes ovulation and anterior lobe is the s omatotrop ic or growth 

The third hormone of j^ ^ p fotei metabolisnTand the growth of 
hormo^S^ni) n _L defi S c . ency of tbis horhrdhe proflnces-flwarfism o r 
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d i fl^ F Tro wtftg sc They~~are'onTy “menin miniature”. The 

havi i Tl ^^bwth- hermone affects differently in the young and the 
excess of [Tj the growth fprinH -the excess- results- in gigantism,, 

adult stage oiarrts with abnormal heights. In the aault .slage, 

‘he P^^Slnfhormone produces a condition called aciorre- 
the excess ofth g , • abnormal growth of the face, hands and 

galy. In acromegaly there » * D ”^ a an % rior i 0 be include the adreno- 

feet-. The . r ;rXLl-co^ hormane(ACTH) which stimu- 
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la feTThi^ ret ion (TSH) which) stimu- 

! h a [effh7pro-duction y o%W-hormone, pancreatotropie or pancreas- 
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controlling hormone which suppresses the production _ of insulin 
by the islets of Langerhans of the pancreas and lactogenic hormone 
which controls the development of milk glands and secretion o 


progesterone. 

The intermediate lobe of the pituitary gland secretes a h ornone 
named intermedin which induces the pigment to disperse' throughout 
the melanophores or pigment cells, thereby darkening the colour. 

The posterior lobe of the pituitary gland secretes two hormones : 
oxvtocin and vasopressin. The former induces contractions of the uterus 
durmg"parturition and also causes ^release of pnlk from the^mammary 

glands. “Vasopressih-confrols blooiPpressure, causing contraction of a I 
blood vessels except those going to the kidneys. It also controls excre- 
tion of water by kidneys. Its deficiency increases urination and causes 
excessive thirst. The defect. is called diabetes insipidus. 

Due to the number of hormones it produces and the control it exerci- 
ses over other endocrine glands, the pituitary fully deserves the title 
‘•Master Endocrine Gland” often given to it . 

6 Pineal. The pineal lies on the roof of the brain. It is, in fact, a 
remnant of the median eye. Now an endocrine function has been 
assigned to it. The nature and role of its hormone are not known. 
Probably it regulates the working of gonads indirectly by influencing the 

pituitary hormone. 

II. The partly endocrine glands are discussed below. 


1 Pancreas The pancreas is both a digestive as well as an endocrine 
gland Besides the lobules, which secrete the pancreatic juice, it also 
contains groups of special cells of the islands of Lagerhans, which secrete 
hormones. The cells of the islands are of two types alpha and beta. 
The beta cells secrete an important hormone called insulin. This hormone 
enables the liver to store glucose as glycogen. It also enables the tissues 
to use glucose as source of energy. It, thus, controls the carbohydrate 
metabolism. Insulin deficiency makes the animal unable to use or store 
sugar. Thus the tissues are deprived of energy-producing food and 
sugar collects in the blood. From the blood it is excreted by kidneys 
and is passed in urine. This disorder is called diabetes mellitus It can 
be cured with an injection of insulin. The alpha cells of the islands pro- 
duce a hormone named glucagon whose action is reverse of that of insu- 
lin. It brings about the release of glucose from the liver, thus, increas- 
ing its percentage in the blood. ' ‘ * 

2. Gonads. The gonads, besides producing gametes, also secrete 


hormones. 


(/) Testes. Testes produce testosterone or male sex hormone from 
small groups of special cells, called interstitial or Leidyg’s cells, situated 
between the sperm producing tubules The testosterone makes the various 
organ, and glands of the male genital system to grow to full size and 
become functional. It is also responsible for the formation of secondary 
sexual characters like hair on the face in man. 




326 ZOOLOGY 

(ii) Ovaries. The ovaries produce three hormones, oestrogens, 
nrosesterone and relaxin. The oestrogens are secreted by the follicle cel s 
surrounding the egg. They induce the various parts of the female 
genital tracl to grow to their full size and become functional. They 
are also responsible for the development of secondary sexual characters 
in the female like mammary glands. The progesterone is secreted by 
the corpus luteum which is a yellow. sh mass of cells filling the empty 
follicle after the liberation of the egg. It stops the formation of eggs, 
attaches the foetus to the uterine walls by placenta and controls the 
development of foetus in the uterus. Relaxin is also produced by the 
corpus luteum. It widens the pelvic girdle during birth. 

3 Mucous Membrane of the Alimentary Canal. It secretes a few hor- 
mones which stimulate the production of digestive juices. The epithe- 
lium of the pyloric stomach secretes a hormone called gastrin which 
stimulates the gastric glands to produce the gastric juice. The duodenal 
eoithelium secretes two hormones : the secretin which activates the 
pancreas to release pancreatic juice and cholecystokinin which stimulates 
the gall-bladder to release bile. 

Importance of Endocrine System, The endocrine system is very 
important for the proper functioning of the body. Any major disturb- 
ance in any endocrine gland will result in serious complications which 
may make the animal abnormal and even cause death in a short time- 
Beeause of their importance in the vital activities of the body, the study 
of endocrine glands, called endocrinology is making very rapid progress. 

TEST QUESTIONS 


1 What is a gland 7 Differentiate between the endocrine and exocrine glands, 
giving examples of each. Describe at least one gland of each type. 

2 Name and describe important eidocrine gland of a vertebrate 

3. What are hormones ? Where are the follow ing hormones produced and what 
role do they perform in the body 7 

Insulin. Oestrogens. Adrenalin, 

4 Write notes on the following 

Dwarfism, Cretinism, Pancreas, Pituitary b kI>. Diabetes mellitus. 


CHAPTER 


Oryctolagus cuniculus 

(The Rabbit) 


adaptations and classification 

I. Adaptations 

The rabbit shows adaptations mainly for homoiothermy. viviparity 
lack of active defence, high rate of multiplication, and leaping torm of 

locomotion. 

1 AdaDtations for Homoiothermy. Homoiothermy, i.e. maintenance 
e e^nthnclv temperature, depends on factors like sulTicent supply 
°f fond to the tfssues P efficient respiratory and circulatory systems, and 
meanTto check heat loss. Rabbit has suitable adaplat.ons for all these 

factors 

There are many devices in rabbit to supply sufficient food tot he 

sSiSsfon aa- «“* «•'* 

ment is derived later by coprophagy. 

r the resniratorv system has been enhanced in rabbit 
Efficiency o f 00< i P and breathing passages; supply of clean moist 

by , thS Tafrtoffil ffings and the eno^mouf; ’surface provided by the 
and warm air to the f lungs ngs ^ exchange of gases . 

millions of circulatory system lies in the fact that it sends fully 

Efficiency of the circui t y y This facilitates oxidation of 

fSffcr A- of whl.l. warn., up .1. body. 

, r heat from the body is prevented by the hairy coat oxer 
The loss o deposited in lhe subcutaneous tissue. Over heat! ig 

oAhebody .s checked by the sweat glands whose secretion cools the 

Skm 2 . Adaptations for YMpartt^ 

i„ S Jilb“g“ni..l tec. of th. rd.pl,- 

ujzt&uttiz rs st s — — « — 
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to the foetal blood so that food and oxygen may readily diffuse from the 
maternal to the foetal blood and carbon dioxide and nitrogenous wastes 

from the foetal to the maternal blood. 

Automatic onset of lactation soon after the birth of the young ones 
enables the mother to feed them on milk till they take to their normal 

diet. 

3 Adaptations for Lack of Active Defence. Lack of active defence 
has been compensated in rabbit in more than one ways. Fossonal or 
burrowing life, is one such device. The structures that help in this mode 
oflife include the limbs, nictitating membrane and vibrissae. The tore. 
Umbs are used for scratching the earth and hind-limbs for throwing it 
back. The nictitating membrane prevents the entry of soil particles into 
the eyes. The vibrissae determine the width of the burrow its farthest 
end where there is sufficiently dark for the eyes to see.- 

CreDUScular habit also provides protection againU enemies At dusk 
and dawn, when the rabbit comes out of its burrows for feeding and 
playing, they are comparatively few enemies. 

Gre CT arious nature, i.e. moving about in large groups, makes the 
rabbit more watchful of its enemies. Any one in the group, on seeing 
enemy, will thump its hind-limbs on the ground to produce a warning 
sound,’ hearing which all run to safety. 

Camouflage is yet another device for defence. The dust-biown colour 
of the wild rabbit wonderfully matches with the background and makes 

it barely discernible. 

Lastly the speed, which may reach 32 to 40 kilometres per hour 
also confers on rabbit some measure of protection from enemies. 


4. Adaptations for High rate of Multiplication. The factors that 
promote the rate of multiplication in rabbit include attainment of sexual 
maturity at an early age of six months, short gestation period which is 
just one month, multiple births (3-8 young ones in a litter), and pro- 
duction of several litters (up to six) in a year. The gregarious habit is 
also helpful in this respect. It enables the female to easily find a mate 
as and when she is in heat. 


5. Adaptations for Leaping. Rabbit possesses a few significant 
adaptations in its limbs and girdles for leaping. The centre of gravity 
in the normal resting position is far back, being nearly between the 
hind-limbs. Large area of the feet in contact with the ground and long 
segments of the hind limbs bent like a spring (z) increase the thrust 
produced by straightening of the hind-limbs. To transmit this thrust 
the axis of the body, the pelvic girdle lies parallel to the vertebral colu- 
mn and is fused with sacrum. To reduce the shock of landing on 
the ground after a leap, the short but stout fore-limbs have a bend at 
the elbows, the hands touch the ground with the digits only and the 
pectoral girdle is springy. 


ORYCTOLAGUS CUNICULUS 



II. Classifications 


The rabbit is assigned to the 
Phylum : Chordata 


Sub-phylum : Vetebrata 

(Craniata) 

Class : Mammalia 


Sub-class : Theria 

Infra-class : Hutheria 

(Placentalia) 

Order : Lagomorpha 

Family : Leporidae 


Genus : Oryctolagus 


Species : O. cuniculus 


Because of having notochord, gill-slits 
and dorsal hollow central nervous 
system. 

Because of having vertebral column 
and cranium. 

Because of having hair, pinna, diaph- 
ragm and mamary glands. 

On account of being viviparous. 

Due to having true placenta and pro- 
longed intra-uterine development. 

Because of having a second pair of 
smaller incisors in the upper jaw. 

Because of having elongated hind- 
limbs, long pinnae and short recurved 

tail. 

Because of fossorial, crepuscular and 
gregarious nature and because of hav- 
ing vertical groove on the anterior 
surface of the front incisors and a dis- 
tinct interparietal bone in the skull. 
Moreover, the young ones are naked, 
weak and blind at birth. 

The bucks and does are almost alike, 
fur is dense and wooly and is 
short with white underside. 


TEST QUESTIONS 

, Give an account of the adaptations of rabbit. 

2. Give a detailed classification of rabbit. 

3. Explain the Fossorial Animal, Crepuscular Animal, Camouflage. 

Homoiothermy, Viviparity, 



CHAPTtR 


Principles of Classification 

and Nomenclature 


I. Classification 

Purpose of Classification. What would you do if you were asked to 
oick up a particular coin from a heap of several hundered coins belong- 
ing to many countries ? You would probably first sort out the coins 
countrywise. By doing this you would have many smaller heaps. Then, 
in each heap, you would find many sets of coins issued from time to 
time. The heap of each country would, thus, be sub-divided into many 
small piles. In each pile there would be coins of different denominations 
These you would arrange in order. After this arrangement, it would 
become very easy for you to find out the coin of the given description. 

The same is required to be done with the animals whose number is 
enormous. It is rather difficult to give the exact number of different 
kinds of living animals. About a million of them have already been 
described, many are discovered as new forms every year, and a large 
number lived in the past. They vary tremendously in their form, 
structure and mode of life. To find out an animal of known characters 
from the vast assemblage of animals is simply impossible. They must 
be devided into groups and sub-groups. The grouping of animals 
according to a definite plan makes the study of animals convenient. It is 
not possible for a man to acquaint himself separately with all the known 
animals but the study of a few representatives from each group will 
enable him to have a broad idea of the animal life as a whole. 

History cud Systems of Classification. The history of classification 
is almost as old as man himself. The early man grouped the animals 
on the basis of their utility to him. He distinguished between the 
harmful and useful animals, edible and inedible onts. Even now we 
recognize the animals as the food animals, fur animals, pets, beasts of 
burden, wild game, etc. This system of grouping the animals from the 
point of view of their value to man, irrespective of their similarities, is 
called the practical classification. 

Later, the Greek naturalists classified the animal-* according to their 
similarities in habits, etc. The animals were grouped as aquatic or 
water-dwellers, terrestrial or land dwellers and aerial or air-dwellers ; 
carnivores or flesh-eaters and herbivores or plant eaters; oviparous or 
egg-layers and viviparous or young-producers; and so on. This system 
of classification, based on superficial resemblances, is called the artificial 


PRINCIPLES OF CLASSIFICATION AND NOMENCLATURE 


331 


classification. Aristotle (384-322 B.C.), the “father of zoology , was 
the first to adopt this system of classification. It remained in vogue for 
about two thousand years'. The early Greek naturalists had little 
knowledge of the animal structure which, consequently, could not be 

used by them in classification. 

An Englishman. John Ray (1627-1705), was the first systematist to 
form the structure the basis of classification. He formed a few groups 
but his scheme of dividing each larger group always into two sub groups 
5“d not prove practicable. This system of grouping the animal on the 
basis of their structural resemblances is called the : natural , classification. 

It is the most rational system of classification and has been adopted 

It is tne most ra > study o , amma | s convenient 

55 ,l" n ,r?.cl..io»ry relationship be, wee. then,. 
It is also helpful in the identification ot animals. 

The system of natural classification was T 1 loo 0 s Ion hr m f o out , obyth o 

Swedish bW'yJS.'K scheme,' tT a few 
ro as the fa , He divided the world of living objects into two 

additions, is still use • kingdom was split up into large 

kingdoms -plant and ™ * sub-divided into smaller groups term- 

^ OU PH S .r" An order was separated into still smaller groups known as 
ed orders. Ail ora f nne nr more snecies. Linnaeus 


Naturae”. His c ^^^ u ^ t V^ith Ihe discovery of a‘large number of 

"e'wTn'Si. “n“ "&ZS. This paved the way for the modern 

classification. cat ion is simply the expanded form of the 

The modern i c ifi morc div j s j on s have been added to those 

Linnaean classtficaU • ^ and families, the former above 

proposed by Linnaeus. b£tween 1(1C orders ai d genera. The main 

^a"3l rnljrn chtss^timi. ( thus, the ^ -sse.orders, 

“ w e '°“ p ’ “ 

P y ’ . • US ually the smallest unit in classification. It may be 

The species an 'j ma ls which resemble one another in all essen- 

defined as a group r rom all other animal i, and inter-breed freely 

tial respects, ditto individuals of a species are similar 

to produce ^^.^thHiscendants of the same ancestor. They differ 
because they all ^ much as the offspring of the same parents do. 

from one a not I . -^ividuals of a species are divisible into still smaller 
Sometimes, the l m j n or but distinct variations. Such sub-groups 

groups on me Dasi^ 
are called varieties. 

II. Nomencla t Names For the classification of animals, it is 

Need for Scjennfi h jN sho^d ^ provided with names. From the 

earliest* times, man has given common names to the animals living 
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around him. ~ These names, however, have little value in classification 
as they though easier to pronounce and remember, have a number of 
drawbacks. In the first place, the common names are inadequate. Only 
those animals which are closely associated with human life have been 
given these names. Quite a large number of animals living far away from 
human habitations have no common names. Then, the same animal 
is known by different names in different countries. Even within one 
country, an animal may have many local names. The common names of 
one country or locality are not understood by the inhabitants of another 
country or locality because of the different languages used by the people. 
Again, in some cases, a single common name refers to more than one 
animals. Moreover, no system has been followed in selecting the 
common names. They may indicate a superficial character (blackbird), 
a habit (flying fish), a habitat (tree frog) or a use (pearl-oyster). Lastly, 
the common names are sometimes misleading. Look at the common 
names “dog-fish”, “silver-fish”, “cuttle-fish”, “jelly-fish”, “star-fish”, 
“cray-fish”. These names seem to indicate the types of fish but it is 
not true. A fish is a vertebrate amimal with backbone, gills and fins. 
Only the “dog-fish” has these characters and is a true fish”. Others are 
invertebrates. The “silver- fish” is an insect, “cuttle-fish” a molluse, 
“jelly-fish” a coelenterate, “starfish” an echinoderm and “cray-fish” a 
crustacean. 


On the contrary, the scientific names are fool-proof. Every animal 
has been provided with a scientific name. One scientific name always 
refers to one particular animal. The scientific names are international, 
i.e. they are used all over the world, irrespective of the language of the 
people. A Russian student of biology knows what exactly Oryctolagus 
cuniculus stands for and so does a Japanese or a German. The scientific 
names are given according to an internationally agreed system and they 
are usually descriptive, indicating some important feature of the animal. 
The scientific names also indicate relationship of animals with one 
another. The dog, wolf and jackal have the same scientific name Canis. 
It, therefore, implies that all these animals have certain common 
characters. The scientific names have yet another advantage. They are 
mostly derived from Greek and Latin, both of which are dead languages. 
This excludes the possibility of a change in the meaning of the names* 
In the case of living and growing languages the meanings of words are 
likely to change with time. 

System of Scientific Names. Linnaeus has devised a system of giving 
scientific names to the animals. It is known as binomial nomenclature 
meaning a system of double names. Under this system, each animal is 
given a name of two parts, e.g. Panthera leo is lion and Panthera tigris 
is tiger. The first part indicates the genus to which the animal belongs 
and is called the generic name. The second part refers to the SDecies of 
the animal and is known as the specific name. Sometimes a species in- 
cludes a few varieties. In such cases, the name of the variety follows the 
specific name so that the scientific name becomes trinomial,' e g Homo - 
sapiens europeus is the name of the man of European race 
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Rules for Scientific Names. Definite rules for giving scientific names 
to the animals were laid down by the International Commission on 
Zoological Nomenclature in 1901 . These rules are summarized below : 

Each animal is to be given a single scientific name of binomial 
svstem In case several names have been given to an animal by ^chfferent 

workers the earliest name is to be considered valid. The sc ' entl ^ c 
should preferably be printed in italics. The generic name should al vays 
heein with a capital letter. The specific name should usually, not always, 
start 1 with a & smal Metier. The name of the variety, if pre sent should a so 

•T ' a SWS&2CT ft 

italics. They are, however started with capital letter. 

Working of the Systems of ^“^Knwfrfc^be beT lx- 
above systems of noriciiclature a d 1 nc of a dog which is a 

plained by a concrete example, of dogs , jke Ration, 

very familiar animal. There ar ~ , etc Though they differ from 

Bull-dog, Grey-hound, ^^^.^"hey aLan be readily distinguish- 
one another in form, size and • (£breed f ree ly to produce fertile 

ed as dogs from other animals They mterbre ^ ^ ^ aUed familia . 

young. They, thus, belong 1 to e ant^ ( P £ . ackal jn many respects The 

ris. The dog re fXinnimals are lupus and aureus respectively. All the 
specific names of hese animals .are ^ bc£n assigned a common genus, 

three, because of thei of dog is thus canis familiaris , that of the 

namely. Cams. The full nam f d g ^ Canu aureus. Genera having 

wolf Canis lupus and that ot J one famj | y . T h e genus Vulpes, 

some common characters a P characters with the genus Cams. 

which includes the foxes sh ^ es s ° m family Canidae. The families which 

Both are, therefore kept same order. The cat and its rela- 

resemble one another are a belong to the family Felidae. The 

tives, like lion, tige .. since dogs, cats and bears are carnivo* 
bears form the family vi'z Canidae, Felidae and Ursidae respectiv- 
rous animals, tfeir ^ same order called Carnivora. Similar orders 
ely, are included in th common class. Thus, the order Carni- 

are grouped toget ^ s like Chiroptera (bats), Rodentia (rats), Cetacea 
vora and several others hkec in the class Mammalia, 

(whales). Primates Apes M^m^tcdor classes having 

because they all th ™ phylum. The fishes, frogs, lizards and birds 

common features form h PJ ls and from on e another. They are, 
are very different from the namely, Pisces, Amphibia, Reptilia 

therefore, assigned se P a ^ a ^ have some common characters, e.g. t le 

and Aves. But all these classes, n ^ A1 , these five classes are, 

presence of a structure a a common phylum, Chordata. . The PM u m 
therefore, included 1 nhv i a collectively constitute the animal Kingdom 

kr»« “ r s 4 “ d fro8 

expressed as under : 
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Dog 

Kingdom— Animalia 
Sub-kingdom— Metazoa 
Phylum — Chordata 
Class — Mammalia 
Order — Carnivora 
Family- Canidae 
Genus - Cams 
Species — familiar is 


Frog 

Kingdom— Animalia 
Sub-kingdom — Metazoa 
Phylum— Chordata 
Class— Amphibia 
Order — Anura 
Family — Ranidae 
Genus — Rana 
Species — tigrina 


Principal Divisions of the Animal Kingdom. The animal kingdom is 
divided into three sub-kingdoms, namely, Protozoa, Parazoa and Meta- 
zoa. The sub-kingdom Protozoa includes a single phylum of the same 
name. The sub kingdom Protoza also includes a single phylum called 
Porifera. There is a difference of opinion among the zoologists regard- 
ing the number of phyla into which the sub-kingdom Metazoa should 
be divided. The more important phyla of this sub-kingdom are Coele- 
nterata, Platyhelminthes. Aschelminthes, Annelida, Arthropoda, 
Mollusca, Echinodermata and Chordata. 


TEST QUESTIONS 

1. Why have the animals been given difficult scientific names when they already 
possess common names which are much easier ? 

2. Explain the binomial system of naming the animals. 

3. Name the various divisions used in the classification of animals. What is the 
study of classification called and why is it essential ? 

4. What is natural classification ? Who is the founder of this classification ? 
Give the names of the principal phyla of the animal kingdom. 

5. Give a suitable definition of ‘species’. How would you classify the common 
dog ? 

6. Enumerate ihc rules for scientific nomenc'ature. 

7. Name the various systems of classification and show how they differ from 
one another. Which of the*e is the best and why ? 

8. Give complete scientific names of at least ten animals and refer them to their 
classes and phyla. 
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Phylum Protozoa 

(The First Animals) 


I. Characteristics 

The phylum protozoa includes the acellular or non-cellular 
organisms, which mark the beginning of animal life. They show the 

following characters : — 

1 They have a simple microscopic body, consisting of a mass of 

protoplasm bounded by a protective membrane and containing one or 

more nuclei and a few other organelles. 

2 They move by organelles like pseudopodia, flagella and cilia. 

3 ; They often develop resistant cyst wall for perennat.on and 

d ' SP 4. All protozoa reproduce asexually by fission— binary, multiple 

° r b 5° th Many forms reproduce sexually also by syngamy, i.e. fusion of 
gametes, or by conjugation. 

6 The protozoa occur in the fresh and sea-water, in the moist 
earth, in thebodies of animals and plants and even in the air. 

If. Classification 

The nhvlum Protozoa is divided into two sub-phyla : Plasmodroma 

TrrSr The sub-phylum Plasmodroma includes the Protozoa 
and Ciliophora. Th P £ simi|ar nudej They posse ss pseudo- 

having a stngle locomo tiom Some lack locomotary organelles. 

podia or flagella for ocomouon^^^ syngamy . This sub - 

The sexual re P^ classes * Mastigophora, Sarcodina and Sporozoa. 

phylum comprises cla j the Protozoa which usually show 

The sub-phylum Ciliophora '™u ^ Qf |ocomotion are cilia . The 

sextiad 'reproduction occurs by conjugation. The sub-phylum comprises 

wo classes : Ciliata and Suetoria. 

ri a « s 1 Mastigophora (Flagellata). The Mastigophora possess one 
r a 'few long whip-like structures, the flagella, for locomotion and 
. ™ food** Asexual reproduction commonly occurs by longitudinal 

capturing foodfla A|ate s free . liv ing as well as parasitic forms. 

Eufle™ ^idis and Trypanosoma gambiense are common examples. 

. ... F’l/alpno viridis (Fig. 27.1) is a free-living, solitary, 
flaaeflate ^ ft has a spindfe like body with a blunt anterior 
ind and a a pom g ted P o^ tenor end. V shape of the body is mamtamed 
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^ _ *i- |_ T u P anterior end bears the mouth which leads into a 

a t fi J.^le P f I The latter opens into a rounded reservoir. A long flagellum 

an°ses from thi waii 0 f the reservoir by two roots and passes ° utt )\ rou g h 
rnmith Adiacent to the gullet there lies a small red spot, the 
eve-spot or stigma. It is sensitive to light. Near the reservoir is a large 
contractile vacuole, surrounded by a number of smaller contractile vacu- 
oles The cytoplasm contains conspicuous nucleus towards hind end, 
several radiating chloroplasts near the middle and numerous paramylum 
bodies scattered throughout. The chloroplasts contain chlorophyll, which 
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Fig. 27.1. Euglena viridis 


imparts green colour to the organism and helps in the manufacture of 
food by photosynthesis. The paramylum bodies consist of carbohydrate 

resembling starch in nature. 

Euglena swims in water by lashing movements of its flagellum. It 
also performs peculiar worm-like movements by local contractions and 
expansions in the body. These are called the euglenoid movements. 
Nutrition is mainly holophytic. It also absorbs some food dissolved in 
water. This is called saprozoic nutrition. 
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Trypanosoma gambiense. Trypanosoma gambiense (Fig. 27.2). is a 
parasitic flagellate. It lives in the blood of human beings and antelopes 
in certain parts of Africa. It does not produce any harmful effect on the 

antelopes which, thus serve as reservoir hosts. From the antelopes, it is 
carried to human beings by a blood-sucking insect, tse-tse fly ( Glossina 
palpalis and G. morsitans). The waste materials produced by the parasi- 
tes in the human blood cause trypanosoma fever. Later the parasites 
get into the cerebro-spinal fluid of the patient and produce a fatal disease 
called Afiican sleeping sickness, in which the patient remains almost 

unconscious. 


The adult has an elongated flattened, sinuous body tapering at both 
the ends The anterior end is, however, more pointed than the post- 
erior end The body is enclosed in a firm pellicle and contains a single 
oval centrally-placed, vasicular nucleus and scattered volutme granules 
Mouth contractile vacuole and food-vacuoles are absent There is a 
sj ne ie flagellum that arises from a minute granule, the b epharoplast, 
skuated near the hind end of the body extends forwards along the free 

situated near me riDP ling fold, the undulating membrane ; and 
edge of a thin, irregular w ippnngi , Just posterior to the blepha- 

then projects freely hodv the kinetoplast. The two are connect- 

eft' f^e'rib ils a £ nd often stain as one. The kinetoplast, blepharoplast 

and flagellum together form the kineuc apparatus. 


UNDULATING 
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FREE PART 
OF FLAGELLUM 


Fig. 27.2. Trypanosoma gambiense 


The narasite absorbs food through the surface of the body. It swims 

with mSS? wavy movement by the combined action of the undulating 
with grace! y j t reproduces by longitudinal binary 

Sn" which occurs in both' the hosts involved in the life-history. No 
cysts are formed as the parasites are never outs.de a host. 

rin« 2 Sarcodina. The Sarcodina possess pseudopodia for loco- 
mofldn and capturing food. They may be free living eg. Amoeba proteus 
or parasitic, e g. Entamoeba histolytica. 

Amoeba proteus. Amoeba proteus. (Fig. 6.1) is described in detail 

in chapter 6. __ .. . , ... 

Fntamoeba histolytica. Entamoeba histolytica (Fig 27.3) inhabits 
the “ part of the large intestine of human beings all over the world. 
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Its cytoplasm show a sharp differentiation into clear ectoplasm and 
granular endoplasm. The latter contains a single nucleus and several 
food vocuoles. The nucleus is bounded by an extremely thin mem- 
brane having minute chromatin granules arranged in a layer on its inner 
surface and contains a small centrally placed karyosome, often surround- 
ed by a clear area or hallo. The lobose pseudopodia have a characteristic 
glassy appearance as they are formed from ectoplasm. They are put out 
and withdrawn rapidly. 



Thejparasite is chiefly holozoic. It is believed to produce a ferment 
called cytolysin, that dissolves the intestinal wall and liberates the blood. 
It takes red blood corpuscles and broken cells of the intestine. Some 
organic substances are also absorbed from the medium in a saprozoic 
manner. Respiration is probably anaerobic. Reproduction occurs by 
binary fission. Occasionally, it forms cysts that pass out in the faeces of 
the host. Inside cyst, the nucleus divides into four nuclei. Infection 
of healthy persons takes place by swallowing cysts in food and water. 
The cysts pass unaffected through the stomach and small intestine but 
in the large intestine hatch and release quadrinucleate parasites. The 
latter feed voraceously and very soon start a series of rapid divisions, 
resulting in uninucleate individuals. 

The parasite causes amoebic dysentery or amoebiasis in which the 
patient passes out blood and mucus in the faeces and experiences pain 
in the abdomen. Ulcers develop in the intestine and in chronic cases 
intestinal wall is punctured. From the intestinal wall the amoebae may 
be carried in the blood stream to the liver, lungs, brain, etc. where 
abscesses may result. 

Control of amoebiasis lies in proper sewerage disposal and well sani- 
tated food and water supply. 

Class 3. Sporozoa. The sporozoa lack locomotory organs. The 
mouth is absent. Nurition is saprozoic. Contractile vacuole is missing. 
Asexual reproduction takes place by multiple fission. Sexual reproduc- 
tion also occurs. It is followed by spore formation, hence Sporozoa. All 
Sporozoa are parasitic. They infect all types of animals. The malarial 
parasite ( Plasmodium ) is a well-known example of this class. It is des- 
cribed in detail in chapter 7. 

Class 4. Ciliata. The Ciliata have cilia for locomotion and captur- 
ing food. The mouth and gullet are usually present. Asexual 
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reproduction occurs by transverse binary fission. The sexual reproduc- 
tion usually takes place by conjugation. The cihates are found in 
abundance in fresh water as well as in sea-water Some are parasites 
on man and other animals. The familiar example is Paramecium 

Paramecium. Paramecium caudatum (Fig. 8.) is described in detail 

10 C nass 5 8 ' Suctoria. In Suctoria, the young (buds) bear cilia and 
. u "h‘ t frPe i v while the adults possess delicate protoplasmic out- 
SW r, hf the suctoria I tcn aclcs and are usually fixed. The mouth and the 
IX are absent Nutrition is holozoic. Minute prey is captured and 

its protoplasmic fluid is sucked by 
the tentacles. Asexual reproduction 
occurs by budding. Sexual reproduc- 
tion by conjugation also occurs in 
some forms. The Suctoria inhabit 
fresh and salt water. Some are 
parasitic, external or internal. 

Podophrya. Podophrya (Fig. 

27 4) is a common fresh water suc- 
lorian It has a rounded body 
attached to a long stalk. The 
knobbed or suctorial tentacles arise 
from the entire surface of the 

body. 

HI. Economic Importance 

A. Protozoa are useful in the 
following ways 

1 They aid in the production of 

human food. Many of the impor- 

l a iXXdam% m ii've almost entirely on insect larvae, small crustaceans 

InH worms which in turn feed on Protozoa. 

o Thev produce rocks which are used by man as building materials 
2 ' i l,c chells of marine Protozoa (order Forammifera) sink 

The calcareous shefls or ^ after layer . This, in due course 

fXe leads to Ihe formation of rocks. The limestone beds of Pans 
0f i T iro have undoubtely been formed in this manner Many build- 
ings to Paris and the great Egyptian pyramids are bu.lt of stones carved 

oul from these limestone^bed ^ biologica i and medical investigations 

rZaZmlna geleii i s used in nutritional research. The effects of 
«•*. c fnodTand poisons have been worked out on this organism, 
various f^^ keep many harmful insects under check by inhabiting their 

bodies as P a ” Xare harmful in the following ways . 

f Many^ Protozoa live in the soil and feed on nitrogen-fixing 



Fig. 27.4. Podophrya 
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bacteria. This decreases the production of nitrates and reduces soil 
fertility. 

2. Some Protozoa render the water of reservoirs unfit for drinking by 
giving it an unpleasent smell. For example, Uroglenopsis imparts to 
water a fishy odour resembling that of cod-liver oil. The disagreeable 
smell is due to the aromatic oils produced by Protozoa. 

3. Certain Protozoa parasitize human body and cause serious 
disease, e.g. Entamoeba histolytica produces amoebic dysentery. Plas- 
modium brings about malaria. Trypanosoma gambiense results in sleeping 
sickness in Africa, etc. Parasitic Protozoa also attack useful animals 
like fishes, poultry, rabbits, pigs, cattle, etc. and indirectly affect man’s 
economy. 

IV. Summary 

Phylum Protozoa (pro-to-zo-a) : Acellular animals. 

Sub-phylum (a) Plasmodroma (plaz-mo-dro-ma) : With pseudopodia 
or flagella or both or none. 

Class l. Mastigophora (mas-tig-o-for-a) : With flagella, e.g. 
Englena, Trypanosoma. 

Class 2. Sarcodina (sar-ko-dy-na) : With pseudopodia, e.g. Amoeba 
Entamoeba. 

Class 3. Sporozoa (spor-o-zo-a) : With spores, e.g. Plasmodium. 

Sub-phylum ( b ) Ciliophora (sil-ee-o-for-a) : With cilia. 

Class 1. Ciliata (sil-ee-ay-ta) : With cilia throughout life, e.g. 
Paramecium. 

Class 2. Suctoria (suc-to-ri-a) : With cilia in the young and tentacles 
in the adult, c ,r Podophrya. 


TEST QUESTIONS 

1 . Give the characters of phylum Protozoa? Name its classes and show how 
they differ from each other. Give at least one example of each class. 

2. Place the following animals in their natural position in the animal kingdom. 
Also write short notes on them. 

Entamoeba histolytica , Trypanosoma gembiens, Englena viridis, Podophrya. 

3. Discuss the economic importance of Protozoa. 
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Phylum Porifera 

(The Sponges) 


I. Characteristics 

The phylum porifera includes the sponges. The sponges show the 
following characters. 

I They are multicellular animals with low organization. 

Th eir body bears numerous pores, the ostia, that lead into a large 
2. Their ooay - tv either directly or through a system of 

cavity, the he pa SaJ trie cavity opens out by one or more larger 
canals. The P ara 8 as ‘ r ic , Iie at a higher level than the ostia. 

apertures, the oscula. wh b i u^y thg paragastric cavity through the 

A constant current of a ^ OS cula. This current is nutritive 

resp a ,ra a tory aXxcUry in function. It brings food and oxygen and 
carries away waste materials. 

3 The digestion is intracellular. , 

4. The body-wall ol a p g ce n s . The inner layer is formed 

outer layer is formed ^ of b ^ [he choanocyt es, or of flagellated 
either entirely °f Aagellatea others. Between these layers 

collar cells at tertaH ’ P ‘^ e v nc c ontammg free cells or amoebocytcs ot 

man k e ^ds n ° U Mu“h ofthe vital activity is performed by the free cells 

independently.^ ^ organs , mova ble parts and appendages in the 

SP0 6 SeS The body is usually supported by an internal skeleton of spicules 

or spongin fibres or . asex ually by budding and gemmules. 

7. The sponges rcptod £ £ f ormat , on 0 f eggs and sperms 

9 S is a fr«-sw°mming ciliated larval stage m development 

for dispersal. aquatic, the majority being marine, a few 

10. All tb< ? p attached to various objects in water. Ihey 

resemble plants In appearance and were actually regarded as such in 

the past. line of evolution. They are remnants 

They are not in the at frQm other muUl cellular animals 

of a side brahch that sep remajned jn their primitive con- 

a t a very early 1 rl / e to any higher types of animals. There 

dition and h f ve "phylogenetic relationship between the sponges and 
thus, seems to be no pny & 
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other many-celled animals. For this reason, the sponges are assigned 
to a separate sub-kingdom called Parazoa. 

II. Advancement 

The sponges show advancement over the protozoans in having-— 

(/) a multicellular body, 

(ii) division of labour among the cells, 

(Hi) spermatozoa and ova in sexual reproduction, and 
(iV) segmentation in the development of the zygote. 

III. Classification 

The phylum Porifera is divided into three classes : Calcarea, 
Hexactinellida and Demospongia. 

Class 1. Calcarea (Calcispongiae). The Calcarea have skeleton of 

calcareous spicules, e.g. Grantia 
(Fig. 28.1). 

Class 2. Hexactinellida (Hyalospon- 
giae). The Hexactinellida have 
skeleton of 6-rayed siliceous spicules, 
e.g. Venus' flower basket. 

Class 3. Demospongia. I he Dem- 
ospongia have skeleton of 1—4 rayed 
siliceous spicules or of spongin or 
of both, e.g. bath sponge. 

IV. Economic Importance 

The sponges are of very little 
economic value. The flexible spongin 
skeleton of the marine sponge 
Euspongia , after the removal of living 
tissues, forms the bath sponge of 
commerce. The siliceous skeleton of 
the Venus’ flower-basket is orna- 
mental. Clionci or the boring sponge 
is harmful. It grows on the shells 
of useful mollusks like oysters and clams and kills them by boring holes 
in the shells. 

V. Suinmarv 

Phylum Porifera (pore-if-er-a). : Two-layered body with pores. 
Class 1. Calcarea (Kal-ke-ri-a) : Spicules calcareous, e.g. Grantia. 

Class 2. Hexactinellida (hex-ak-ti-nel-i-da) : Spicules siliceous and 
6-rayed, e.g. Venus’ Flower Basket. 

Class 3. Domospongia. (dem-o-sponge-i-a) : Skeleton of spongin 
fibres or of spongin fibres and siliceous spicules, e.g. bath sponge. 

TEST QUESTIONS 

1. Enumerate the important characters of the Phylum Porifera. Name the 
various classes of this phylum, giving at least one cxample’of each. 

2. Discuss the economic importance of the sponges. Why have they been 
separated from other multicellular animals ? 
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Phylum Coelenterata 

(The Two-layered Animals) 


I. Characteristics . „ ^ , 

The nhvlum Coelenterata includes the hydroids jelly-fishes, sea- 
anemones,* corals, etc. These animals possess the followmg charac- 
ters : — 

1 They usually have a radial symmetry. 

1. The body encloses a single cavity, the coelenteron or gastro- 

vascular cavity. ^ „ in tercellular and partly intracellular. The 

3 . The dig the P exte rior by a single aperture, the mouth, which 
works forth for “he intake of food and elimination of the indigestible 

residue. mostly diploblastic animals. Each of the two 

4. The toelcnte . r v at t e h S e ar eD ^ erm is and gastrodermis, contains several 
body-1 aye rs, name y,^ ^ s P pecial stinging celIs> cni doblasts, in one or 

both the true layers of the body. 

5 Respiration takes place through the general body surface. 

6 The excretory and circulatory organs are lacking. 

•r./iiviHual mav be cylindrical when it is called a polyp or 

7 ‘ n T rt^n which else it is known as a medusa. Either or both 
umbrella-like > n "h ca animal. The polyp in all cases is 

XtmT be °oUtary oj colonial. The medusa on the other hand, 

Galways free-swimming and solitary. . . 

8. Reproduction is usually asexual (budding) in the polyp and 

sexual '^ e d “ e e J o U ^ ent is acC ompanied by a free-swimming ciliated 
larva, the planula. 

10. The coelenterates are chiefly marine. 

11 The'ixielen't^ates show advancement over the sponges in having 
d) Definite form and symmetry, 

(W , Well organized layers of cells in the body-wall, 

343 



344 


ZOOLOGY 


(m) Muscular and nervous tissues, and 

(/v) A digestive cavity. 

III. Classification 

The phylum Coelenterata is divided into three classes : Hydrozoa, 
Scyphozoa and Actinozoa. 

Class 1. Hydrozoa. The Hydrozoa exist as polyps or medusae or 
both. In the latter case, which is more common, there is a distinct 
alternation of generations between the asexual polyp form and the sexual 
medusa form. The mouth leads directly into the gastro vascular cavity 
lined by gastrodermis, there being no stomodaeum lined by epidermis. 
The gastrovascular cavity is a wide undivided space in the polyps. 
The medusae have a circular inwardly-projecting shelf, the velum, 
around its edge. The mesogloea is noncellular. The gonads are 
epidermal in origin and the gametes are shed directly into the 
surrounding water. The Hydrozoa may be solitary or colonial, fixed or 
free swimming. The important examples are Hydra , Obelia and Physalia y 

Hydra. Hydra (Fig. 9.1) is a solitary and fresh-water form. It 
is described in detail in chapter 9. 

Obelia. Obelia (Fig. 10.2) is a colonial, and marine form. It is 
described in detail in chapter 10. 
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Physalia. Physalia (Fig. 291), popularly called the Portuguese man- 
of-war is found floating on the surface of tropical seas. It has a large, 
oval bright blue, balloon-like float or pneuntatophore with a contractile 
crimson crest or sail at the top. The float may be up to 30 cm. in 
length and its crest up to 12 cm. long. The float bears on the floor a gas 
gland that secretes gas to keep the float inflated. The gas contains 
85-91% nitrogen, 75 to 13 5% oxygen and 1/5% argon. The pneu- 
matophore supports the colony and also keeps it afloat. 


On the undersurface of the float is a flattened disc-like coenosarc 
which buds off individuals, the zooids or persons. The latter hang 
down and occur in clusters called corm.d.a^ A corm.dium includes 
gastrozooids, dactylozooids and blastostyles. The gastrozooids have the 
usual nolvD form with a mouth but lack tentacles. They feed the colony 
The dactylozooids are like the gastrozooids in form but lack mouth and 
each bears a tentacle at the base. They are of two types : small and 

& MSS T n h 8 e dactylozooids ^protect the 

^ °^ & d and'a?e termed* the ^ gonodendra 

8 ? n0P uI P “wn function The gonophores are dioecious. The male 
of unknow reduced develop on the proximal part of the gonodendra 

fnd°a P re not set free. The female gonophoies are medusa-hke, develop 

on the d“s°al pan of the gonodendra and are set free. 

« ^ «Tn i0 a= 

of ft opfn (flS crust^re^ 

waves in large numb tentacies which then contract to bring it 

is caught and para lysed by the tentacles ^ ^ a digestive sac 

to the gastrozooids. f jhe p 0 j s0 n of its nematocysts is 

formed by spreading affects the nervous system and is, thus, a 

very dangerous to ^nan; Jt affects ^ commensal / th tentacles of 

neurotoxin. A fash isomeu . food animal and quickly goes 

Physalia. This fish comes sa fe atmosphere. The parts 

back among ,h ® ^ b' the lish are captured by Physalia. This fish also 
of the prey not taken by tne tentac l es which at once capturs 

the fish from encmics 

nematocysts. 

a ri art vlozooids blastostyles and gonopalpons arc 

- *• *" -’*• 

fied medusae. 

^ a The Scyphozoa exist predominantly in the 

Class 2. Scypozoa. 1 ‘\ tom odaeum The gastrovascular cavity is 
medusa form. There The" mesogloea has some 

divided into pouches. There 
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cells in it. The gonads are gastrodermal in origin and the gametes are 
shed in the gastrovascular cavity whence they pass out through the 
mouth. The Scyphozoa are all marine. They are solitary and chiefly 
free-swimming. They are called jelly-fishes. 

Aurelia. Aurelia (Fig. 29.2) is the common jelly-fish. It has a soft, 
white or bluish, saucer-like body with 4 pink horseshoe-shaped gonads. 
The central four-sided mouth is surrounded by four long tapering oral 
arms. The margin of the saucer bears numerous small tentacles. 
Aurelia floats near the surface of the sea, either singly or in shoals. It 
can swim by the rhythmic contractions of its body but is largely carried 
by the waves. It feeds on crustaceans, small fishes, etc. The prey 1S 
seized and paralysed by the stinging cells on the oral arms which then 
carry the victim to the mouth. 

Class 3. Actinozoa (Anthozoa). The Actinozoa exist only as polyps 
that look ike flowers. The medusa form is entirely absent and there is no 
alternation of generations. Mouth leads into a stomodaeum lined by 
epidermis. The gastrovascular cavity is divided into chambers by 



Fig. 29.2. A jelly-fish ( Aurelia ) Fig. 29.3. Sea-anemone ( Metrldium ) 

vertical septa, the mesenteries. The mesogloea is in the form of 
connective tissue consisting of fibres and cells in the matrix. The 
gonads are gastrodermal in origin and the sex cells are shed into the 
gastrovascular cavity whence they escape out through the mouth. The 
Actinozoa are all marine and fixed. They may be solitary or colonial. 
The common examples are sea anemone, mushroom coral, star coral, 
sea-pen and sea- fan. 

Sea-anemone. The 3?a-anemone (Fig. 29.3) is a solitary polyp found 
attached to rocks in the shallow coastal waters of almost all the seas. It 
has a soft cylindrical body with a crown of tentacles arranged in several 
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rings round the mouth. It can contract and expand its body and tenta- 
cles to a great extent. It can also slowly creep on the substratum. 

The sea-anemones are some- 
times attached to the gastropod 
shells inhabited by hermit-crabs. 

The crabs carry the sedentary 
anemones to new places and 
share their food with them. In 
return, the anemones protect 
the crabs from their enemies 
with the stinging cells. This 
mutually beneficial association 
of two organisms is called 
commensalism. 

Mushroom Coral. The mu- 
shroom coral (Fig. 29.4) is also 
a solitary form. It secretes round 
itself a calcareous skeleton, call- 
ed corallite, which has the form 

ronvexupper s^rface^h!?? bears a number of thin radiating septa, ft in- 

habits tropical seas. ... . . „ ntek 

_ r- i Thn ctar roral (Fie 29 5) is a colonial coelcnterate. 

m mm 

JSJS CM'S war's 

poops 



Fig. 29.4. Mushroom coral ( Fungia ) 



Fin 29.5. Star coral (Astrongia) 
centuries. The 1,350 mi }*f ^ 

Laccadive and Mald.ve Islands of Indian u , form . The 
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zooid is greatly elongated vertically and is supported internally by a 
horny skeletal rod. It is differentiated into two parts : the lower 
stalk or peduncle and the upper rachis. The peduncle is embedded in 
the sand or mud and serves to fix the colony. The rachis is flattened 



A 


Fig. 29.6. Sea-pen ( Pennatula ) 

and bilaterally symmetrical. It bears lateral branches, the leaves or 
pinnae, each producing on its upper surface a single row of normal 
zooids’ the feeding zooids or the autozooids. Modified tentacle-less 
zooids, termed the siphonozooids, grow on the dorsal surface and lateral 
sides of the rachis. These zooids serve to drive a current of water 
through the colony. Pennatula is, thus, a dimorphic coelenterate. 

Sea-fan. The sea-fan (Fig. 29.7) is also a colonial animal. The 
colony is erect and tree -like. It consists of a basal plate that fixes it 
into the sand or mud ; a short main trunk and a number of slender stems 
that arise from the trunk and are repeatedly branched. All the 
branches are in one plane and anastomose, forming a fan-like net-work. 
The colony is supported by a flexible horny rod and calcareous spicules. 
The colony is beset with pores through which zooids can partly 
protrude. 
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BRANCHES 



Fig. 29.7. Sea fan ( Gorgonia ) 


— cer,ain 

V ' ph^rcodenterata (se-len-ter-y-ta) : Two-layered saclike body, 
S2 8 " With both polyp and medusa 

^"“aafs T^y?hozokTy-fo fl zo.a) : With only medusa form, 

/< “'' e Sss 3 Actinozoa (ak-tin-o-zo-a) : With only polyp form, **. 

anemone, coral, sea-fan, G , ve 

I. Make a list of the 

a brief classification of the phylum. ecological note on each: 
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Phylum Platyhelminthes 

(The Flat worms) 


I. Characteristics 

The phylum platyhelminthes includes the planarians, flukes and 
tape-worms. They show the foliowing^haracters 

1. They have a bilateral symmetry. 

2. The body is unsegmented and usually flattened dorsoventrally. 

3. Tt develops from three germ-layers, namely, ectoderm, mesoderm 
and endoderm. The flat worms are, therefore, called tnploblastic 
animals in contrast to diploblastic animals like coelenterates. 

4. There is no body-cavity or coelom. The space between the body- 
wall and the internal organs is filled by a loose connective tissue called 

parenchyma. 

5. Digestive system, when present is incomplete, i.e. it has mouth 
but lacks anus. 

6. There are well-developed muscle layers, circular and longitudinal, 
in the body-wall. 

7. Excretory system includes characteristic flame cells connected 
with excretory ducts that lead to the exterior. 

8. Nervous system comprises the anterior brain and 1 to 3 pairs 
of longitudinal nerve-cords 

9. The skeletal, circulatory and respiratory systems are undeveloped. 

10. The flat worms are usually hermaphrodite. The gonads lead 
to the exterior by reporductive ducts. 

11. The development may be direct or with larval stages. 

12. Asexual reproduction occurs in certain forms. 

13. The flat worms are both free-living and parasitic. 

II. Advancement 

The platyhelminthes show advancement over the coelenterates in 
having — 

(/) bilateral symmetry, 

(ii) mesoderm, 

(w) brain and nerve-cords in the nervous system, 
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(iv) muscle-layers, 

(v) excretory system and 

(v/) reproductive ducts. 

III. Classification 

The phylum Platyhelminthes is divided into three classes : Turbel- 
laria, Trematoda and Cestoda. 

Class 1. Turbellaria. The Turbellaria are mostly free-living and are 
found in fresh- water, sea-water, green- houses and moist soil. A few are 
parasitic also. They are covered with a delicate ciliated epidermis. The 
cilia help in locomotion. The mouth is usually ventral. The digestive 
tract is often present. The development is direct. v 

Dugesia. Dugesia is a common turbellarian (Fig. 30.1). It is a 
fresh-water form. It avoids light. It glides over a self-secreted tract 
of mucus by backward strokes of the cilia present on the ventral surface. 
It feeds on small crustaceans It reproduces asexually by transverse 
fission and has a great power of regeneration. 

Dugesia has an elogated dark-brown body. Its broad anterior end 
bears a pair of ejes and forms the head. The mouth lies in the middle 
of the ventral side. The genital aperture lies behind the mouth. 

Class 2. Trematoda. The trematodes are commonly called the flukes. 
They are parasitic on or in the vertebrates. They are without cilia. 
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Fig .30.2. Liver-fluke ( Fasciola ) 



352 


ZOOLOGY 


The bod, is covered with M * : ojIMe -The, «■*“ 

to the host. The mouth is anterior in P 0 ^‘ o ^ ^ ne °J, udes seve ral 

sa i£. t:* b,o»d. 

fluke are the familiar examples. 

1 Liver-fluke The common liver-fluke is Fasciola hepatica (Fig. • )• 

j » “«sl !S»*: - * 

cattle, and occasionally in man. 

(ii) Habits The worm feeds in the liver on bile, b lo °d and cells 
Thi food is Ingested through the mouth by sucking action. The 
indigestible matter is also eliminated through the mouth. 

(/«/) External Characters. The adult worm has a flat dark-bro .. 
leaf-like body. It measures about 25 mm. in 'eng thlrd of the 

b b r od a y dth Xt T t h he “ o^end Jhere isa 

Se“s br OnI h of thesHurrounds the mouth and is known as the oral 
sucker. The other lies on the ventr^ side a iutle behmcl me d ^ 

it is called the ventral sucker or » ce ^“* u “; suckers ot the ventral 
for attachment in the bile-ducts. Bet Another small aperture is 

side, is a small aperture the genital pore. Another is P n0 anus . 

bod y U^co vere dwi t h 'thick mugh c^cle which is produced 
into numerous tiny backwardly-directed spines. 

«> r cbS:o»f s 1 * 

swt u r e !\ h uT for m e l°!s termed^he capsule, 

sn? sassss. z. -cc ~ 

into the alimentary canal of the host. They finally leave the host wflh 
the faeces. If they fall in water or on damp sod their development, 
which has already start, d in the worm is completed. A tiny conica 
ciliated larva, the miracidium, hatches from each capsule. The miraci 
dium swims in water or moisture film with its cilia. It soon enters the 
body of a fresh-water snail of the genera Limnaea , Planorbis or B 
The snail serves as the secondary host. The miracidium dies if it fai 
to get a suitable snail within eight hours. Inside the snail, it loses cilia 
and metamorphoses into an immobile closed sac called the sporocyst. 
In the sporocyst another kind of larve, known as the rediae, are formed. 
The rediae break through the wall of the sporocyst. Each redia nas 
in front a mouth leading into a short gut, a small birth-pore on one 
side and a pair of lateral flaps for locomotion near the hind end. It 
feeds on fluid and cells of the host’s tissues and grows in size. The redia 
may form in itself a second generation of rediae or a new type of larvae 


PHYLUM PLATYHELMINTHES 


353 


called the cercarlae. The latter leave the redia through the birth-pore. 
The cercaria has an oval body bearing a slender tail. It has some 
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Fig. 30.3. Life-bistory of liver-fluke 


features of the adult thTsnailand swims in water. 

From X here? r it may enter a sheep while it is taking water. In dry places, 



354 


ZOOLOGY 


the cercaria loses tail and becomes encysted on vegetation. The encyst- 
ed cercaria is known as the metacercaria. The sheep and goats swallow 
metacercariae with food which consists of vegetation. The cysts break 
in the stomach and the cercariae are liberated. They bore their way 
through the wall of the stomach and enter the body-cavity. From here 
they penetrate the liver. For several weeks they damage the liver cells. 
Finally, they reach the bile-ducts and grow into adults. 

Effect on the Host. The liver-fluke impairs liver metabolism by 
damaging its cells. It interferes with the digestion of food by blocking 
the bile-ducts. Its excretory matter has a poisoning effect. Heavy 
infections cause a disease called “liver rot”. It is characterised by 
erosion of the liver into a broken mass of tissue. The disease reduces 
the vitality of the host and may prove fat*-!. 

(v) Control Measures. The snails are essential for the completion of 
the life-history of the liver-fluke. Destruction of snails is, thus, the most 
suitable measure to control the parasite. Snails thrive in wet pastures. 
Draining of pastures will, therefore, exterminate them. If this is not 
possible, it is profitable to introduce ducks and geese, which eat up the 
snails. The adult worms in the infected hosts can be killed with various 
‘drugs like hexachloroethane. 


(v7) Adaptations. The liver-fluke has a few special features which 
help it in its parasitic life. These features are called adaptations. The 
suckers provide it with firm attachment in the bile-ducts. The back- 
wardly directed spines erode the liver-cells which form its food and also 


save it from being washed down 



the ducts with $ile. The cuticle 
protects it from the host’s antito- 
xins. The production of enormous 
number of capsules and multiplica- 
tion in the larval stages counteract 
wastage of capsules and larvae dur- 
ing transference from one host to 
another. 

*'y-C 2. Schistosoma. Schistosoma (Fig. 
30.4) is commonly called the blood- 
fluke. Three species infect man. 
•S’, haematobium lives in the veins of 
the bladder in Egypt, Spaio, Portugal 
and Near East. S mansoni inhabits 
the mesenteric veins in Africa, 
West Indies and northern part of 
South America* S. japonicum occurs 
in the mesenteric veins in Eastern 
Asia, Formosa, Japan, Philippines 
and Singapore. The blood-fluke is 
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unisexual and cylindrical. The robust male carries the slender female 

in a snecial groove the gynecophoral canal, formed by infolding of the 
in a s .Pecial groove tne gy F acetabulum. Capsules are laid by 

the^cmal/ in the capillaries which burst to release the capsules into the 

Thev nass out with urine or faeces and hatch 
bladder or intestine. T y p . t host. The cercariae leave the 

in water S “« ls trough the skin during bath in 

“.■'ISIS'S. V» c Juio., they teach the liver, grow Into 

.dolt, and migrate to the,, art ^ ^ d „„ rJ „ s . 

The parasites damage the are used for the treatment 

Tartar emetic or sodium antimony tartar 

° f CllssT CeZda. The cestodes > are ’ «[£* XT™! 

They are intestinal parasites of vertebrate . e y Qnsists of a m inute 

.sa. - . *»*«• - ■ *« 10 



pig 30.5. Tape-worm ( Taenia solium ) 
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several hundred segments or proglottides. The scolex (Fig. 30.6) bears 
suckers and hooks tor attachment to the intestinal wall. The neck buds 
off new proglottides which push the older proglottides backwards. As 
they shift backwards, the proglottides grow in size, mature and finally 
break off. The tapeworms are without cilia. They have a covering of 
thick resistant cuticle The mouth and alimentary canal are absent. 
The digested food of the host is absorbed through the body-wall. The 
sense organs are lacking. The male and female reproductive organs are 
repeated in all proglottides. Larvae live in the tissues of some 
intermediate host. Taenia and Echinococcus are familiar examples. 

I. Tape-worm. The common tape-worm of man is Taenia solium. 

(/) Habitat. Taenia solium (Fig. 30.5) lives in the intestine of human 
beings. It lies firmly attached to its walls. 

(ii) Habits. The tape-worm ! acks mouth. It, therefore, absorbs the 
digested food of the host through its skin. This mode of feeding is called 
saprozoic. It respires anaerobically as free oxygen is not available in 
the intestinal contents. In anaerobic respiration glycogen breaks down 
into fatty acids and carbon dioxide. The worm has enormous power 
of reproduction. 

(//'/') External Characters. The tape-worm has a long, flat, white, 
ribbon-like body tapering anteriorly. It attains a length of three 
or four metres and a breadth of six millimetres. The body consists 
of three regions : a small knob like head or scolex, a short narrow 
neck and a long strobila comprising about eight hundred pro- 
glottides in a mature worm. The scolex (Fig. 30.6) bears in front a 
small rounded protrusible projection called the rostellum. At the base 
of the rostellum is a double row of curved chitinous hooks. Behind 
the hooks, the scolex has four, large, hollow suckers. The hooks and 
suckers serve to attach the worm in the intestine. The neck buds off 
new proglottides at the rate of seven or eight per day. The new proglot- 
tides grow in size and become mature. Each proglottis has a complete 
set of male and female sex-organs. The proglottides of the hind end are 
packed with egg capsules and are said to be ‘gravid’. The gravid prog- 
lottides break off in groups of four or five. 

Life-history (Fig. 30.7). Generally, there is self-fertilization as one 
host usually harbours a single worm. Eggs may be fertilized by the 
sperms of the same proglottis or one proglottis may receive sperms 
from another proglottis by folding up of the body. A fertilized egg 
becomes enclosed along with a Lr.e yolk cell, in a thin chitinous shell. 
The structure, thus foi mod, is termed the capsule. The egg develops 
into a six-hooked embryo called the hexaeanth embryo. The embryo 
with its protective covering is termed the onchosphere A single 
gravid proglottis may contain thirty to forty thousand onchospheres. The 
gravid proglottides full of onchospheres break off in groups of four or 
Uve. They come out passively with the faeces of the host. They soon 
disintegrate and release the onchospheres. The latter survive for a con- 
siderable period but do not develop further unless taken by a pig which 
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is the secondary host. In the gut of the pig, the shell is digested away 
and the hexacanth embryo is released. With its sharp hooks, the 
embryo pierces through the intestinal wall and enters the blood or 
lymph-vessels. In the vessels, it circulates round the body. Finally, it 
leaves the vessels and enters the voluntary muscles of the tongue and 
limbs. Here it casts off the hooks and changes into a fluid-filled sac 
known as the bladder worm or cysticercus. Wall of bladder invagi- 
nates on one side and produces an inverted scolex. Later, the scolex 
gets everted. The cysticercus is now fully formed. It lies passively in 



Partly 

Evaginaced scolex 


Fig. 30.7. Life history of tape- worm 


. on H -.waits its entry into the primary host for further 
the muscles a ^ infected pork has brown spots and is called the 
development. eetion of man occurs by taking raw or under-cooked 

“measly po • human intestine the bladder is cast off and the 

nie asl y pork- i(self to t be gut-wall. The neck starts budding off 

proglottides to form a tape worm. The worm becomes adult in two or 
three months. 

, , Fffec , OI1 the Host. The tape- worm infection produces little effect 
(v) tneciui d health Weak persons may develop a disease 

on a person wi diseasc is characterized by abdominal pain, 

!ifdicestio a n vomiting, constipation loss of appetite, lowered resistance 
to other diseases and nervous disorder. 
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(vj) Control Measures. Destruction of embryos, onchospheres and 
cvsticerci interferes with the life-history of the parasite and serves as an 
important measure to control its infection. The onchospheres may be 
destroyed through proper disposal of the human faeces by sewerage 
system or else by preventing the pigs from visiting human faeces. The 
cvsticerci can be killed by thoroughly cooking the pork before eating it. 
Vermifuges like oil of male fern Dryopteris and oil of Che nop odium 
may be used to remove the adult worms from the human body. They 
however, only remove the strobila and not the scolex. The latter an 

be removed only with a surgical operation. 


(vjj) Adaptations. The tape-worm shows a number of adaptations to 
its life in the alimentary canal. It has hooks and suckers for fixation. 
It can resist host’s enzymes through some unknown mechanism. It 
respires anaerobically as free oxygen is not available in the intestinal 
contents. It has enormous power of reproduction to balance wastage 
of embryos during transference from man to pig and pig to man. It can 
survive more than thirty years and every year it sheds about 2,500 
gravid proglottides, each containing 30,000 to 40,000 onchospheres. 
Loss of mouth and alimentary canal is co-related with the fact that 
the worm is permanently immersed in digested food, which can be easily 
absorbed through the skin. 

2. Echinococcus. Echinococcus granulosus ( Taenia echinococcus ) is 
K commonly called the dog tape-worm or hydatid worm (Fig. 30.8). It 
inhabits the intestine of dogs and other carnivores. It is only 3 — 6 mm. 
long. The scolex has 4 suckers and an armed rostellum. The strobila 



Fig. 30.8. Dog-tap worm (Echinococcus granulosus) 
Left — A part of hydatid cyst. Right — A mature worm 
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consists of only 4 proglottides. Capsules pass out with host’s faeces and 
contaminate vegetation and water. Herbivores like sheep and goats 
serve as intermediate hosts. They get infection by ingesting contamina- 
ted vegetation. The hexacanths bore through the gut wall and get 
lodged in the liver or lungs. They develop into peculiar fluid-filled 
bladders called the hydatid cysts. The wall of the cyst consists of an 
inner germinal layer called the endocyst and an outer cuticular layer 
termed the ectocyst. A fibrous layer, known as the pericyst, is secreted 

round the ectocyst by the host tissue. 


The hvdatid cysts multiply asexually by exogenous and endogenous 

budding. In exogenous budding, wall of the ; hydatid cyst bulges out 

and forms daughter cysts. In endogenous budding, the inner surface of 

hvHatid cvst buds off daughter cysts into its cavity. The internal 

dau E hter cvsts y are ca]led the brood capsules as each buds off from its 

fnne 8 r h surface up to 30 scolices. Scolices may also arise directly from 
inner surface up t hvdatid cyst. The brood capsules ulti- 

matffvburst seUingVhe scolices free in the fluid filling the parent cyst 
mately burst, s< eu mg goats ncar mutton shops and 

thiTs twal low^yd^ticfcysts^acked w/h sco.fces. Each sco.ex grows into 
a tape-worm in dog s intestine. 
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Fig. 30.9. Hydatid cyst 


m « pin incidental intermediate host of the dog tapeworm. Human 
r n occur" from the pet dogs. Some capsules remam sticking to 
feUion after defaecation. From here, they are licked 

f by* th^dog" and deposited on its fur. From the fur they reach the 
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human hands and finally the mouth. Too much intimacy with dogs 
should, therefore, be avoided. 

IV. Economic Importance 

The free-living flat worms have little economic value. The parasitic 
forms are very harmful. Some of them directly affect man's health and 
existence by parasitizing his body. Many indirectly affect man s 
economy by living in and harming the useful animals like cattle, pigs, 
sheep and goats. 

V. Summary 

Phylum Platyhelminthes (plat-ee-kel-min-theez) : Flat-worms. 

Class 1. Turbellaria (tur-be-lair-ee-a) : Free-living, e.g . Dugesia. 

Class 2. Trematoda (trem-a-to-da) : Parasitic, e.g . liver-fluke, blood- 
fluke. 

Class 3. Cestoda (ses-to-da) : Parasitic, with detachable proglottides, 
e.g. tape-worm, hydatid worm. 

TEST QUESTIONS 

1. Give the characteristics of phylum Platyhelminthes. Name and describe Its 
classes. 

2. Write an ecological note on the following animals and give their taxonomic 
position : — 

Dugesia , Liver fluke, Tapeworm. 

3. Give an illustrated account of the form and life-history of the liver-fluke. 

4. Discuss the effects of liver-fluke and tape worm on their hosts. What mea- 
sures would you suggest to control these worms ? 

5. Describe the life-history of the tape-worm. How does this worm differ from 
the liver-fluke as regards the external characters ? 

6. Discuss the features which help the tape worm in its parasitic mode of life. 


CHAPTER 



Phylum Aschelminthes 


(The Bag-worms) 


I. Characteristics 

The phylum Aschelminthes includes the roundwoims and allied 
animals. These animals show the following characters : — 

1. The bag-worms have bilateral symmetry. 

2. They are triploblastic and unsegmented animals . 

3. They possess an elongated, flattened or cylindrical body. 

4. The body lacks suckers. It is covered with a smooth, tough, 
resistant cuticle. 

5. The body-wall contains longitudinal muscles only. 

6. The body-cavity is present but it is not lined by an epithelium 
and is called the pseudocoel. 

7. The digestive tract i> complete and straight with a terminal 
mouth and a sub-terminal anus. 

8 The respiratory, circulatory, and skeletal systems are undeve- 
loped. 

9. The nervous system includes a nerve-ring round the anterior 
part * of the alimentary canal and longitudinal nerve-cords. 

10. The excretory system has one or two longitudinal excretory ducts 
opening out at the excretory pore. 

11. The bag *orms are usually unisexual and show a distinct 
sexual dimorphism, the males being smaller than the females. The 
gonads have ducts. 

12. The development is direct. 

13. There is no asexual reproduction. 

14. They are free-living as well as parasitic. 

II. Advancement 

The Aschelminthes show advancement over Piatyhdminthes in 
having 

(/) a body-cavity, 

* (//) unbranched and caraplete digestive tract and, v 

(Hi) separate sexes. V 

III. Classification , i 

The phylum Aschelminthes includes six classes. Only one, name y, 
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Nematoda, will be discussed here. The nematodes are popularly called 
the round worms. They have a cylindrical non- ciliated body, tapering 

at one or both the ends. 
Ascaris lumbricoides variety 
hu nanis is a familiar example 
of round worms. 

Ascaris lumbricoides. As- 
caris lumbricoides (Fig. 31.1) 
is a parasitic roundworm. 

(/) Habitat. Ascaris 
lumbricoides lives in the small 
intestine of man. It lies 
freely in the cavity of the 
intestine. 

(ii) Habits. Ascaris feeds 
on fluids present in the intes- 
tinal contents of the host. 
Ingestion occurs by sucking 
action. The worm respires by 
the break-down of glycogen 
into fatty acids and carbon 
dioxide in its body as free 
oxygen is not available in 
the intestinal contents of the 
host. It moves by dorso- 
ventral twistings of the body. 
There is evidence to show that 
Ascaris produces an antienzyme 
to counteract the host’s enzy- 
mes. Its thick cuticle also 
provides some protection to 
it from the host’s digestive 
juices. 

{Hi) External Characters. 
The sexes are separate. The 
female is larger and measures 
20 to 40 centimetres in length 
and 6 millimetres in diame- 
ter. The male is smaller and 
has a sharply-curved poste- 
rior end. It measures 15 to 
30 centimetres only. ^ Both 
the sexes have a cylindrical 
body, which tapers at either 

.. . .. - . , , , end. The body is marked with 

tour longitudinal streaks : one dorsal, one ventral and two lateral 

The mouth lies at the anterior end surrounded by three lins one 

dorsal and two ventro-lateral. A little in front of the hind end/there 
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lies the anus on the ventral side. In the male, the anus also serves 
as the genital aperture and may be called the cloacal aperture. Two 
minute chitinous rods project through the cloacal aperture. These are 
called the penial spicules. The female has a separate genital aperture 
or vulva. It is situated midventrally at about one-third of the body 
from the front end. Both the sexes have an excretory pore, a little 
behind the anterior end on the ventral side. 

(/v) Life-history. Fertilization is internal. The female lays eggs in 
the host’s intestine. The eggs are enclosed in chitinous shells and are 
produced in enormous numbers. A single worm may contain as many 
as 27 million eggs in various stages of development at one time and 
they are laid at the rate of 15,000 to 200,000 _ per day. The eggs pass 
out with the faeces of the hosT. ~ They are very resistant and can remain 
alive on the soil for several months. Embryos are formed in the eggs in 
about fourteen days under favourable conditions. 

The healthy persons get infection ol Ascaris by swallowing its eggs 
containing embryos. These eggs reach the mouth with food water and 
cliw, Lnrt* The eees pass from the stomach into the small intestine. 
H re Sfey hatcl into 8 far?ae or juveniles within a few hours. The larvae 
bore through the wall of the small intestme and enter the vems and 

i i_' Those entering the veins pass through the liver and 

reach the heart. Those entering the lymph-vessels pass into the blood 
reach tne near . From the h ca rt they are carried by the 

and reach the he a Y b | 00 d-vessels of the lungs they enter 

blood to^lhe lungs.^ ^rmn i . Now they move throU g h the 

the cavities or and st omach to the small intestine again. 

This iourney n the host is completed by the worm in about ten days 
7n the intesHne the worm grows and becomes mature in about 2J 

m °f ^Effect on the Host. Ascaris generally does not harm the host. 

(v) isnect on iu cause djarrhoeaj bronchitis and even 

pneunaonla'. When in large numbers, the worms obstruct the intestine 
and ^“ 1- M Disposal of human faeces by underground 

(vi) Control RTeasures. L^t" measure ^ infectlon . 

are human parasites. in ® , , chicken The round-worms do 

pollute drinking water of wells 

and reservoirs. TEST QUESTIONS characters. 

1 Name the phylum of the round worms and give it* 

2. Write a short ecological note on Ascaris. 
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Phylum Annelida 

(The Segmented Worms) 


I. Characteristics 

The phylum Annelida includes the sand worms, earthworms and 
leeches. The annelids show the following characters : — 

1. They have bilateral symmetry. 

2. They are triploblastic. 

3. The body is elongated, cylindrical or flattened and conspicuously 
segmented, both externally and internally. 

4. The body may have head and unjointed appendages, the para- 
podia. 

5. The body-cavity is a true coelom lined by mesoderm. It is spaci- 
ous in some, reduced in others. 

6. The digestive tract is complete and straight extending along the 
entire body. 

7. Respiration occurs by skin or gills. 

8. Excretion is brought about by minute coiled tubes, the nephridia. 

9. There is a closed circulatory system comprising heart, vessels 
and red blood with dissolved haemoglobin and amoeboid corpuscles. 

10. The nervous system consists of a pair of dorsal cerebral ganglia 
forming the brain, a pair of connectives round the anterior part of ali- 
mentary canal and a ventral, solid, ganglionated nerve-cord. 

1 1. The sQxpjnay be un ited or separate. 

12. Development occurs with-xn^wlthout a larval stage. 

13. Some forms show asexual reproduction. ' 

14. The annelids are lound all over the world in the sea, in fresh 
water and in the moist soil. 

II. Advancement 

The Annelida show advancement over the Asehelminthes in 
having — 

1 . metameric segmentation, 

2. head, 

3. appendages, 

4. true coelom, 

5. nephridia for excretion, 

<3. distinct circulatory system. 
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7. circular and longitudinal muscles both in the body-wall and gut 

and 

8. sense organs. 


III. Classification 

The phylum Annelida has three classes : Polychaeta, Oligochaeta 
and Hirndinea. 

Class 1 . Polychaeta — In Polychaeta, the anterior end of the body is 
specialised into a head which bears eyes and tentacles. The body bears 
lateral appendages, the parapodia, which bear numerous setae. Clite 



Earth-worm 3^ Representa , ives of phylum Annelida \ 

The sexes are separate and the development is with a 

um is lacking. forms show asexual reproduction. Practically 

1 U "the Polychaeta are marine. Sand or clamworm and the sea-mouse 

are the common rep™ S C and wo rm or clamworm, called Nereis, 

. Sa ^ V, n! a «m!hc shallow coastal waters of all the 
(Fig. 32.1) lives in the snau gregarious, nocturnal and omm- 

C orous >n during copulation the bodies of the worms burst to release the 
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sperms and eggs. The worms then usually die. Fertilization occurs in 
water. 

The worm has a long, flattened, segmented body, with a distinct head 
bearing a pair of palps, five pairs of tentacles and two pairs of eyes. 
Each segment, except the first and the last, has a pair of parapodia for 
locomotion. 

Sea-mouse. The sea-mouse (Fig. 32.2) is called Aphrodite. It is 
found below low water mark creeping over, or burrowing just beneath 



the surface of sand. It has an oval body with convex dorsal and flat 
ventral surface. The prostomium and peristomium form a small head. 
The prostomium bears a pair of eyes, a short median tentacle and a 
pair of long palps. The anus lies on the dorsal surface of the more 
pointed posterior end. The dorsal parts of certain parapodia are modi- 
fied into large flat scales, called elytra, that lie over the back. The 
elytra alternate with normal parapodia, but being very large, cover the 
back completely. The setae in the upper parts of parapodia are of three 
types : (/) long thread-like directed upwards and woven into a blanket 
over the elytra, (//) stiff spine-like and (Hi) iridescent bristle- like. The 
setae of the lower parts of parapodia are stiff and laterally directed. 
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Protrusible proboscis is present. The worm produces an irrigation cur- 
rent over the back by movement of the elytra and back itself. The 
current enters between the parapodia into a space between the body- 
wall and the elytra and leaves near the posterior end which is held 
up to the surface of sand. This current facilitates respiration through 
the elytra. 

Class 2. Oligochaeta. The Oligochaeta have fewer setae. They lack 
head and parapodia. The clitellum is present. The sexes are united 
and development is direct. The oligochaetes live in fresh water and 
moist soil. The earthworm is the familiar example. 

Earthworm. The earthworm (Fig. 11.1) is described in detail in 
chapter 11. 

Class 3. Hirudinea. The Hirudinea have a flattened body with fewer 
segments. Each segment is subdivided externally by superficial annuli 
so that the external segmentation does not correspond with the internal 
one. There are no parapodia and setae. Instead, there are two suckers, 
one at each end of the body, for locomotion. The coelom is reduced 
being filled with connective tissue and muscles. The sexes are united 
and the development is direct. The class includes the leeches. 

Leech. The Indian cattle leech ( Hirudinaria ) inhabits fresh water 
(Fig 32.1). It has a long, flat, brightly-coloured body with 33 segments. 
Each segment is subdivided externally by superficial annuli. There is 
a sucker at each end. There are no parapodia. The leech moves by 
looping action of the body on the solid objects using suckers for attach- 
ment. It a!so swims in water by graceful undulations of the body. 

It sucks blood of cattle. It can store blood in its distensible crop 
enough for several months. A salivary enzyme, hirudin, prevents the 

clotting of blood in the crop. 

IV. Economic Importance 

Annelids are of considerable value to man. The role of earthworms 
in human economy has been already discussed. The leeches are largely 
used as fish bait. They are of some nuisance to the bathers and cattle. 
The medicinal leech is employed for “blood-letting” from septic 

wounds. 

V. Summary 

Phylum Annelida (an-nel-i-da) : Segmented worms. 

Class 1 . Polychaeta (pole-ee-kee-ta) : With parapodia, numerous 
setae, marine, e.g Nereis, Aphrodite. 

Class 2. Oligochaeta (o-li-go-kee-ta) : No parapodia, fewer setae, 
fresh-water or terrestrial, e.g. Earthworm. 

Class 3 Hirudinea (hir-oo*di-nee-a) : No setae or parapodia, 
parasitic, e.g. Hirudinaria granulosa. 

TEST QUESTIONS 

1 niccuss the distinguishing characters of the phylum Annelida. Give a brief 
classification of the phylum. Mention at least one example of each group. 

2 Write a brief ecological note on leech and Nereis. Also classify them. 
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Phylum Arthropoda 

(The Joint-footed Animals) 


I. Characteristics 

The plylum Arthropoda includes water-fleas, crabs, prawns, centi- 
pedes, millipedes, insects, scorpions and spiders. These animals possess 
the following characters : — 

1. They have bilateral symmetry. 

2. Tf.ey are triploblastic. 

3. The body is variously-shaped and usually segmented externally. 

4. The body has a distinct head with well-developed sense organs. 
It bears paired jointed appendages modified for the individual needs. 

5. The cilia are absent. 

6. There is a hard organic exoskeleton of chitin secreted by the 
underlying epidermis. The exoskeleton protects the internal organs and 
provides space for the attachment of muscles. It is moulted or cast off 
many times during growth. 

7. The body muscles are striated and are arranged in separate 
bundles for moving particular joints. 

8. The true coelom is greatly reduced in the adult, being repre- 
sented only by the cavities of the excretory and reproductive organs. 
The body-cavity surrounding the internal organs contains blood and is 
called the haemocoel. 

9. The digestive system is complete. The mouth is surrounded by 
appendages, called mouth-parts, which help in feeding. 

10. Re>piration occurs either through the body surface or by special 
structures like gills, tracheae and book-lungs. 

11. The circulatory system has a dorsal pulsatile heart and is of 

ie open type, / e. blood does not flow in closed tubes but fills the body- 
cavity or haemocoel. 

12. Excretion is brought about either by the green glands opening 
to the exterior or Malpighian tubules opening into the gut. 

13. The nervous system, like that of the annelids, consists of a 
dorsal brain and a double, solid, mid-ventral, ganglionated nerve-cord. 
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14. The sexes are usually separate and often there is sexual dimor- 
phism. The gonads have ducts. 

15. The development includes a larval form. 

16 The arthropoda are found everywhere on land, in the soil, in 
fresh water, in sea-water and in the bodies of animals as well as plants. 
Some are gregarious and a few colonial with social life. 

II. Advancement 

The Arthropoda show advancement over Annelida in having— 

(/) a distinct head, 

jointed appendages, 
no cilia, 

chitinous exoskeleton, 


0*0 

07 /) 

(AO 
(v) 
07) 


bundles of striated muscles for moving particular parts, 
well developed sense organs like compound eyes, statocysts 

and tactile bristles, , . . , „ 0 

special respiratory organs like gills, tracheae and book-lungs. 

and 

(v//7) separate sexes. 

III# Classifica phylum as it includes about 80% of all the 

Arthropoda is the larg t p y divided into five main classes: 

i Crustacea. The thick chitinous exoskeleton is generally 

cla f s i hv imDre«nation with calcium salts. The body is divisible 
strengthened by thorax and abdomen. The head is often fused 
into three regions ■*«««. " f the thorax t0 form the cep halothorax. 

with a pad ” a pair of compound eyes, two pairs of antennae 
The head bears a pair oi^ f maxi „ ae . The , horax and 

a pair of pair of appendages on each segment. All the 

abdomen bear o P pair of antennae, are biramous, i.e. each 

appendages, except th fi P protopo dite which bears two branches : 

consists of a basal pan y r exopodite. Respiration usually 

the inner e ^ 0 P° d ‘^ ed pp ta k e s place by one or two pairs of green 
occurs by g»Hs. E exterior. There is usually metamorphosis in 

glands which open crustaceans are typically aquatic and are found both 
‘ he life 'nd St £s hwat e r some live onland and a few are parasites. 
This' class is presented by water-fleas, crabs and prawns. 

Th n The water-flea (Fig. 33.1 A) is a small fresh-water 

Water-flea. It has a laterally-compressed body 

crustacean having a si^g^ J carapace which ends posteriorly in a 

enclosed in a Large biramous antennae form the chief 

fcomotory Organs . The female has a brood pouch on the back for 
carrying eggs and embryos. 


I 
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Crab. The crab (Fig. 33.1. B) has a broad cephalothorax. Its 
abdomen is very short, reduced and permanently bent under the ceph- 



A — Water-flea ( Daphnia ) (Highly magnified) Crab B-(Paratelphusa) 



C- Prawn ( Palaemon) 

Fig. 33.1. Representatives of class Crustacea 
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alothorax. Both the pairs of antennae are very small. Crabs live in 

fresh and salt water. , , . , . . 

D Tlip nrawns fFifi 33.1 C) are found both in fresh and 

Prawns. c P XTothomx is smaller than the abdomen. The 

rostrunf bear J teeth o P n the upper and lower margins. Both the pairs of 

antennae are very long. f 

O rhiinnnda It includes the centipedes. The body ot a 

C •' e i on pated and flattened dorsoventrally. It is segmented and 
centipede is elongatea ^ an head carries a pair of antennae, a pair of 

bears a head in front • „ Each segment behind the head bears 

mandibles and two pairs of : max. !tae. modifled int0 poison 

daC Re J spi?a«on occurs by tracheae. Excretion takes place by Malpi- 
ghian tubules. The deve.opment is idirec . ^ ^ ^ 

ThefarcSml' teSal and* carnivorous. 1 heir food consists of 




Fig. 33.2. Representatives of Chilopoda and Diplopda 
insects, spiders am I heT^bite h very'plin^uh Some" cendpedfs 


s. zp j&o 

antennae, mandibles and m excep t the first which is limbless The 

segments! each with a I«.r of legs except ^ h rs of 

abdomen consists of ma y K h The development is direct. 

^"TTTZS*. «-*■ •« «— '■> '“ tab " 
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dark moist places under stones, logs and leaves. They are gregarious 
in habit. They usually feed on dead plant material. Some feed on 
living roots and damage vegetation. They usully roll into a spiral when 
disturbed. They have stink glands which secrete a foul smelling fluid. 
This fluid makes them unpalatable to their enemies. They move slowly 
in spite of the fact that they possess numerous legs. They are harmless 
creatures. 

TABLE 12. 

Differences between Centipedes and Millipedes 
Centipedes Millipedes 


I. Habits 

1. Carnivorous. 

2. Walk swiftly. 

3. Oviparous or viviparous. 

4. Do not roll into a spiral 
when disturbed. 

II . External Characters 

5. Body dorsoventrally 

flattened. 

6. Two body-divisions : head 
and trunk. 

7. Antennae long and taper- 
ing. 

8. Maxillae two pairs. 

9. One pair of legs per seg- 
ment. 

10. No legless segment. 

11. Legs arise laterally. 

12. First pair of legs modified 
into poison claws. 

13. Genital aperture single 
and posterior. 

14. Exoskeleton uncaleified. 


1 . 

Herbivorous and sapro- 

zoic. 


2. 

Walk slowly. 

3. 

All oviparous. 

4. Roll into a spiral when 
disturbed. 

5. 

Body cylindrical. 

6. Three body divisions ; 
head, thorax and abdomen. 

7. 

shaped 

Antennae short and club- 

• 

8. 

Maxillae one pair. 


9. One pair of legs per 
thoracic segment and two pairs 
per abdominal segment. 


10. First segment legless. 

1 1 . Legs arise close to mid- 
| ventral line. 

12. First pair of legs resemble 
others. 

13. Genital apertures two and 
anterior. 


14. Exoskeleton calcified. 

Class 4. Insects. It includes the insects. The body is divided into 
three parts : head, thorax and abdomen. The head bears a pair 
ot antennae, a pair of mandibles and two pairs of maxillae. The 
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« • ti nnA rnavillflp collectively form the mouth-parts which are 
adapted' for chewmg suck.ng or 

simple eyes (oceH 1 ) and a pair p ^ ventrally and usually 

° f ,h -Ss S Some insects have 8 a single pair of wings 
two pa‘ rs of wuigs a°rsai y Jhc abdomen com pnses a number of 

and some are even ■*’ , V appendages. Respiration occurs by 
segments (11 or .less an k Malpighian tubules which open into 

r?”' SS^S#^?*’****- . Tt 

The insects are found in all the habitats * f at t e h r - [n ,a "^ f^-living! 

lomeT,' V p'.is"es oV pl.tS tnd animals. A tew at. colonial and 

““Th. class insect, is the i.r f » .roup in ^^WnSi life 
*gS5f $%£? U r.h"tefot'c, quite approptiate to describe the 

present time as the age of insects. .._ nread 0 f all the animals 

The insects are most 1 i serous ^ an T , ^ ld t o U gh chitinous exoskeleton 
because of their special adaptations. he f of flight enables 

protects them from injury and d «^‘ ‘ find a suitable mate, escape 
them to explore new feeding ground , striated muscles 

from enemies and dis P erSe T ^* r ' r tracheaf fesjration very efficiently 
provide quick movement. Their trah u _ d P velopcd sense organs 

meets their energy requirements.^ stimuli quickly. Their rapid 

enable them to pick . “erous e"gs and shoit life-cycle contributes to 
multiplication due to numerous e e gs a 

the continuation of their race . number of orders which 

The class Insecta is d * v ‘^ s d ' . Apterygota and Pterygota. The 
are grouped two sub-dashes Apjg namely) nat ure of wings, 

ssssacsfa r - p-imii... 

important order is Thysanura. three-pronged bristle tails. These 

Order. '* “StS, «“JKw 

insects have a small body v . t 

gif “'.InLif A tell know, cic.mplc of .he 
order is sil.er.fish. „ found 

Si,Ve u fiS m ( hooks 3 behind the wall papers and 
among the ° ldbo ° k; ’ i ot hes. It has a flat body 
pictures, and in the „ sca les. It is about 

covered with shining J J (he starch used m 

book-binding and starching clothes. It is a 
harmful insect. 





SLA 

V.S* > -J 


Fig. 33-3. Siivcr-fish 
(Lepisnta) 
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Sub-class 2. Pterygota. It includes the winged or secondarily 
wingless insects with varying types of mouth-parts and metamorphosis. 
Its important orders are — Orthoptera, Dictyoptera, Phasmida, Isoptera, 
Odonata, Anoplura, Homoptera, Hemiptera, Coleoptera, Lepidoptera, 
Diptera, Siphonaptera and Hymenoptera. 

• 

Order (i) Orthoptera. It includes the grasshoppers and locusts. 
These insects possess two pairs of wings. The fore-wings are narrow, 
thick and parchment-like. They serve to cover the hind-wings when 
the insect is not flying. They are, therefore, known as the wing-covers 
or tegmina (singular tegmen). The hind-wings are broad, membranous 
and folded like a fan when at rest. They act as the organs of flight. 
The wings are reduced or absent in certain forms. The mouth-parts are 
of the chewing type. Metamorphosis is gradual. The cerci are 
unjointed. 


FEMUP 



Grasshopper. The grasshoppers (Fig. 33.4) have a long cylindrical 
body of various colouis. The hind-legs are adapted for jumping. They 
are diurnal and Iced on green leaves. The males produce sound by 
rubbing the posterior legs against the fore-wings or hy rubbing the 
edges of ,he two wmgsol each side. The grasshopper often damage 

of life but thev do 'n urt ' the grasshoppers in structure and mode 

.& — vst 

f/ y e h o w ^ n S c ol ou r° w it h U S da r ° C 1 C S e r 1 

Arabia, Persia, Southern Afghanistan ^n^^^ehTAan.' FromS 
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places, it often invades India and causes large-scale destruction of field 
crops. 

Order <7/1 Dictyoptera. It includes the cockroaches and praying 
manges. ( They resemble the grasshoppers in their wings mouth-parts 
and metamorphosis but have 5-jointed tarsi and many-jointed cerci. 

insect* “ te ®a5 on ^ a place with t he enlarged grasping fore- 

KSSf >.S4«2s»*r55 ir^rAK"; 

hence its name The m t t , F ' ? mantis .-> i t a i so practises 


TABLE 13 

Differences between Grasshoppers and Cockroaches. 


Grasshoppers 


1. Occur on plants in fields, 
lawns, gardens and along roa 

sides. 

2. Some diurnal, others noc- 
turnal. 

3. Herbivorous. 

4. Males produce sound. 

5] Body cylindrical. 

6 Antennae short or l° n S- 
7. Metalegs very large for 

jumping-iand 3 or 4 jointed. 

9. Cerci unjointed. 

10. Walk slowly, jump and 

fly ’n Ovipositor well developed 
and uncovered. 

,2. Eggs depositcd .n Uie 
pround in masses called eggp 


Cockroaches 


1. Inhabit kitchens, hotels, 
bakeries, grocer’s shops, fruit 
stalls, railway wagons, ships and 

sewers. 

2. All nocturnal. 

3. Omnivorous. 

4. Do not produce sound. 

5. Body flattened. 

6. Antennae very long. 

7. All legs almost similar. 

8. Tarsi 5-jointed. 

9. Cerci many jointed. 

10. Run fast, rarely fly. 

11. Ovipositor reduced and 
concealed . 

12. Eggs laid in covers called 
oothecae. 


...... ... -- 

— n . . T t includes the stick and leaf insects. They 

° rder Ae refemblance 1 ! In wings, mouth-parts and metamorphosrs. 
show protecu 
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they resemble the first two orders. 




Fig. 33.5. Praying-mantis 


Fig. 33.6. Stick insect 


i 

V', 


Stick-insect (Fig. 33.6). The stick-insects have a long, slender body 

looking like a twig on which they rest. They 
v walk very slowly. From their movements it 
$ appears as if sticks or twigs are walking. They 

jj are, therefore, also called the walking-sticks, 

* 5 // They have reduced or no wings. Their antennae 

:V’, A legs an< * meso " aQ d metathorax are long. They 

\^> feed on leaves. 


(A W 


! fi / jf ^ ) 

.ij \ v 3 n Order (iV). Isoptera. It includes the termites 

r Hr or white ants. The wings, when present, are 

c \W Jfef/ \ two pairs. They are long, narrow, 

{' * membranous and alike, hence Isoptera. The 

mouth-parts are ot the chewing type. Meta- 
morphosis is gradual. 

Termites (Fig. 33.8). The termites abound 
Fjg. 33.7. Leaf-insect in the tropical and warm temperate countries. 

• , , . . . They are small soft-bodied insects. They are 

social and polymorphic. They live in colonies. Their nest or termitariiim 
may be entirely undergound or may project above the ground as a small 
1 or mound. It is built of sand particles cemented together by saliva 
or faeces. It has many chambers and gallaries. A colony of termites 

T S1S , S ,.° a ^£, I J ia ^ e or queen, a male or king and numerous workers 
and soldiers. The workers and soldiers are wingless, blind and colour* 
less hence white-ants The queen maybe winged or wingless. 

The sole function of the queen is to lay eggs. The king fertilizes the 


feH 


Leaf-insect (Fig. 33.7). In the leaf-insects 
the body, wings and even legs are flattened like 
a leaf, hence their name. Moreover, their wings 
are veined like the leaves. 


Fig. 33.7. Leaf-insect 
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queen. The workers collect food, prepare nest, look after thc eggs and 

as » ”ii3 •£*%£ . «sarass r • jmass 

nues laying eggs for a long time. 


ii v a 

r 3 i 

E- ^ v 





WORKER 


queen 

WITH ENLARGED 
ABDOMEN 


king 

mature male 



SOLDIER 



WINGED MALF 


Fig. 33.8. Termites 
arp hieblv destructive insects. 

,:rsr» >»'“■ '*=• 


They damage furniture, 
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Order (v>) Odonata. It includes the dragon-flies and damsel-flies. 
These insects have two pairs of transparent membranous wings. ' The 
mouth-parts are of the chewing type. Metamorphosis is incomplete. 

33.9) and damsel-flies (Fig. 33.10) are seen 
flying over ponds and streams containing 
aquatic vegetation in summer. They have a 
variously coloured body, with large mobile 
head, very short antennae, and huge eyes. 
They are predaceous and capture the prey 
(mosquitoes and flies) during flight with the 
legs. The young or naiads are aquatic and 
respire with gills. The naiads feed on the 
larvae of mosquitoes and other insects. 




Fig. 33.10. Damsel-fly (After Kennedy) 



TABLE 14. 

Differences between Dragon-flies and Damsel-flies 


Dragon-flies 


Damsel-flics 


1. Body is stoutly built. 

2. Eyes meet in the middle 
line over the head. 

3. Hind-wings are wider at the 
base than the fore-wings. 

4. Keep their wings extended 
laterally when at rest. 

5. Naids have gills in the 
rectum for respiration. They draw 
and expel out water at intervals 
to wash the gills. 

6. Fast fliers. 


1. Body is slender and deli- 
cate. 

2. Eyes do not meet each 
other. 

3. Fore- and hind-wings are 
equally broad at their bases. 

4. Keep their wings folded 
vertically over the back when at 
rest. 

5. Naids have three leaf-like 
gills at the hind-end of the 
abdomen. 

6. Slow fliers. 
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The dragon 
naiads feed on 
fishes. 


and damsel flies are beneficial to man as they and their 
harmful insects. Their naiads also serve as food for 



Order (v/) Anoplura. It includes 
the sucking lice. These insects have 
mo wings. The mouth parts are ol 
the piercing-sucking type. Metamor- 
phosis is gradual. The body is small 
and flat with legs ending in curved 
claws for clinging. The lice are 
ectoparasites of mammals. 

Human Louse. (Fig. 33.11). The 
human louse is common in unclean 
communities. The adult female lays 
several hundred eggs which .are 
attached to the body hair by a 

cementing substance. young lice 
hatch in a week and become adult 
after three months. Besides sucking 
blood and causing irritation, these 

lice also carry germs of typhus, 
relapsing and trench fevers. 

Order (v/7) Homoptera. It inclu- 
des cicades, leaf-hoppers, plant lice 
or aphids and scale insects. These 
insects have two pairs of membra- 
nous wings which are held sloping 
over the body when at rest ’ 1 Fig. 33.11. Human louse 

ts” Thl SS mSK." r SJ m ”** ,,p '' " 


gradual. .« 

Aphids. The aphids, 'tJlack the plants in'coimtlc^ 'numbers 

usually wingless insects. T y < the l hind end a sweet substance, 
and suck their sap. They secrete rro birth to young ones, 

the honeydew, which |s eaten by ant ^ of the young with- 

They often show a p h i d (Fig. 33.12) is a common example, 

out fertilization. Th . , These insects have two 

Order <r»» rhiek L'd horny « the ba« g 

1 ¥£ l, m».h T r.r.r *•***“*« 

phosis is gradual. winelcss insects with a 
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warm-blooded animals. A well-fed bedbug can do without food for 
several months. 

Plant Bugs. The plant bugs include some serious pests, e.g, the red 
cotton bug (Fig. 33.14). It has red and black colour with a white ring 
behind the head. It is 12-15 mm. long. The adults as well as the 



Fig. 33.12. The cabbage aphid Fig. 33.13. Bedbug 


nymphs suck juice from the cotton bolls and destroy them. It also 
attacks sweet-potato, tobacco, lady’s finger, etc. 


Order (/. v) Coleoptera. It includes the beetles and weevils. These 
insects have two pairs of wings. The fore-wings are thick, horny, 
veinless and meet in a straight line over the back. They serve only as 
the wing-covers and are called the elytra. The hind-wings are membra- 



Fig, 33.14. Red Cotton Bug 


nous and folded beneath the fore-wings, 
when at rest. They act as the organs of 
flight. The mouth-parts are of the 
chewing type. Metamorphosis is com- 
plete. The larvae are worm-like, 
usually have 3 pairs of legs and are 
called the grubs. The common 
examples are the hadda beetle and rice 
weevil. 

Hadda Beetle (Fig. 33.15). The 
hadda beetle has a hemispherical 
reddish-brown body bearing 12 black 
spots. It is a pest of brinjal plants. 

Rice Weevil (Fig. 33.16). The rice 
weevil is a small dark-brown insect with 
a pointed snout in front. It lays eggs 
on the grains like rice, wheat, corn, 
etc. The legless larvae eat their way 
into the grains where they feed and 
grow into the adults. It is a pest of 
stored grains. 
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Fig. 33.15. Hadda beetle 



TABLE 15. 

Differences between Bugs and Beetles 


Bugs 


Beetles 

1 Body prominently convex 

dorsally- 

2 Fore-wings uniformly 
thick leathery, veinles and 
concave (elytra), meet along the 
middle line. 

3. Hind wings folded for- 
wards under the elytra. 

4. Mouth-parts chewing. 


1. Body flat dorsally. 

2. Fore-wings half thick and 
half thin (hemelytra); cross each 
other at rest. 

3 Hind-wings folded fan- 
wise under the hemelytra. 

4. Mouth-parts piercing- 
sucking. 

5. Metamorph osis gradual. _ T , 

Order (x) Lepidoptera. It covered with shining 

insects have two pairs of broad m finger when touched, 

coloured scales. The sca.es come off as d»st on th^ g for k 
The mouth-parts are of the siphon y H roboscis which is coiled like 
nectar from the fl^^^^n use Metamornhosis is complete. The larvae 

arewom-liteand possess three pairs cVtS«^ The 

5 <—■ - — - “” d " 
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Fig. 33.17. Butterfly Fig. 33.18. Silk moth (Male) 

TABLE No. 16. 

Differences between Butterflies and Moths 


Butterflies 


Moths 


1. Active during the day 
(diurnal) 

2. Keep their wings verti- 
cally above the body when at rest, 
their upper surfaces meeting. 

3. Body slender, usually 
with constriction between thorax 
and abdomen. 

4. Antennae knobbed. 

5. No ocelli. 

6. Wings of each side are 
inter-locked during flight by an 
expanded membrane near the 
base of the hind-wines. 


1. Active during the night 
(nocturnal). 

2. Keep their wings flat over 
the back when at rest. 

3. Body robust and hairy, 
no constriction between thorax 
and abdomen. 

4. Antennae tapering. 

5. Ocelli often present. 

6. Wings of each side are 
inter-locked during flight by 
bristles on the hind-wings. 


Order (xi) Siphonaptera. 

wings. The mouth-parts are 
phosis is complete. 

Fleas (Fig. 33.19). The 



It includes the fleas. These insects lack 

of the piercing-sucking type. Metamor- 

fleas are ectoparasites of warm-blooded 
animals like poultry, rats, cats, dogs, 
goats, and men. They have a small, 
tough, laterally-compressed body 
bearing bristles all over. The antennae 
are very short and lie in a groove. The 
eyes are simple or absent. The legs 
are long and adapted for jumping. 
They lay eggs in the habitat of or on 
the host. The minute legless larvae 
feed on decaying organic matter. The 
pupae undergo metamorphosis in 
silken cocoons. The adults feed on 
blood. They spread bubonic plague 
from the rat to man. 
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Order (xii) Diptera. It includes flies and mosquitoes. These insects 
have only one pair of wings, the fore-wings, which are membranous. The 
hind-wings are represented by small knob-like structures, the halteres, or 
balancers. The mouth-parts are of the sponging or piercing-sucking type 
and often form a proboscis. Metamorphosis is complete. The larvae 
are worm-like and without legs. They are called maggots. 


Flies The flies are harmful insects. The house-fly ( Musca ) carries 
germs of cholera, dysentery, typhoid, etc. from the faeces, sputum and 
filth to the human food. The germs (bacteria) are carried on the 
hairy body, legs and mouth-parts. The use of contaminated food 

infects man. 



ADULT ANOPHELES 




TABLE 17. 

Differences between Culex and Anopheles 


Culex 


h l Ee8 Eggs are laid in a mass, 

the 2 egg Eggs are cigar-shaped, 
have no floats. 

-> Eggs lie vertically with 
the thicker end downward. 


Anopheles 


1. Eggs are laid singly. 

2. Eggs are pointed at each 
end and have a pair of lateral 

floats each. , .. 

3. Eggs float horizontally. 
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Culex 


Anopheles 


II. Larva 

4. Larva has a long respira- ' 

tory siphon on the 8th abdominal , 
segment. ! 

I 

5. Larva rests obliquely with 

the head downward and respira- 
tory siphon projecting out. i 


4. Larva lacks a respiratory 
siphon. Instead, it has a pair of 
spiracles on the 8th abdominal 
segment. 

5. Larva rests horizontally 
in water with spiracles protruding 
out. 


III. Pupa 

6. Pupa has long respiratory 
siphons. 

IV. Adult. 

7. Adult keeps its body 
parallel to the surface when at 
rest. 


6. Pupa has short respiratory 
siphons. 

7. Adult makes an angle 
with the surface when at rest. 


Order (xiii) Hymenoptera. It includes the bees, wasps and ants These 
insects have two pairs of membranous wings. The fore- and hind-wings 
are interlocked during flight. Some forms are wingless. The mouth- 
parts are of the chewing or chewing-lapping type. Metamorphosis is 

complete. 

Honey-bee (Fig. 33.21). The honey-bee is a social, polymorphic, 
colonial insect. The colony consists of three castes : a fertile female or 
queen, a few males or drones and numerous sterile females or workers. 
The comb or hive hangs vertically from a tree, building or rock. It is 
formed of secretion from the abdominal glands of the workers. It 
consists of two layers of hexagonal chambers or cells. Some of the 
chambers are packed with honey and pollen. They are called the storage 
cells. In others the young ones are brought up. They are known as the 
brood cells. The various castes perform different functions in the hive. 
The queen only lays eggs. The drones fertilize the queen. The 
workers make and repair the hive, clean it, ventilate it by vibrating 
their wings, collect food (nectar and pollen) from the flowers, rear the 
young ones and feed the queen. When the colony becomes overcrowded, 
the old queen leaves the hive along with some workers and drones. 
They fly to a new place to establish another colony. This is called 
swarming. New queen is then formed in the old colony. She soon under- 
takes a marriage or nuptial flight with the drones. Mating occurs in 
the air. The queen, after mating, returns to the hive and starts laying 
eggs. She does not leave the hive again till she becomes old when 
swarming occurs. 


The honey-bee provides honey and bee’s wax. It is the best pollinator 
among the insects. The workers sting. 


Wasps. (Fig. 33.23). The wasps are also social insects. They build 
their nests from wood which is thoroughly chewed and made into a 
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pulp. The nest is attached to the ceiling of a room or arch of varandah 
by a short stalk. The colony consists of a queen, drones and workers. 



queen 


/ ? 

l s' % J 

/ 




h 


i,< i : *• v v 
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' w^'vgr 

DRONE 

Fig. 33.21. Honey-bee 



Only the queen, somehow, 
ing a nest and lays eggs in 
up their duties. 


survives the winter. In spring it starts prepar- 
it. The eggs hatch into workers which take 



Fig. 33.22. Wasp Fig ' 33 23 Ant 

. . T be ants are also social insects. They make nests 

Ants (Fig. 33.23). inea T are usua ii y scavengers and 

in the ground or hollo ' raa tter They are harmful also because 

they^ollec/ancf damage se;ds in the fields and pollute all sorts of 
eatables in the houses. 

Class. 5. Arachnida. Iti “f ttfSts ‘Tecephaiothomx 

miteS *v,H The n b °The cephalothorax bears two pairs of mouth parts : the 

and abdomen. T cepn orca jng and teariag the prey, and four 

chehcerae and p P ’ an r e nnae and true jaws are missing. The 
pairs of walking eg • b(Jomen |acks appe ndages. Respiration occurs by 

fracheae ofbooJlungs The book-lungs are sacs containing lamellae 



386 


ZOOLOGY 


like the leaves of a book. Excretion takes place by Malpighian tubules 
or green glands or both. The development is usually direct. 



Fig* 33.24. A scorpion Fig. 33.25. A spider 

The arachnids are mostly terrestrial and are abundant in warm dry 
regions. The majority are free-living. A few are parasites. 

Scorpions. The scorpions (Fig. 33.24) are found in the warm count- 
ries. They are nocturnal creatures.- They ieed on insects, spiders and 
worms. They perform an interesting courtship dance. The pedipalpi 
of the female are held by those of the male at d the tails of the two are 
raised and intertwined above them. They now walk together in a ring 
several times. In this operation, the male retreats and drags the female 
after it. Finally, the male digs a burrow and both enter it. The male 
is usully eaten up by the female after mating. She is viviparous and 
carries the young on the back for some time after birth. 


The abdomen of a scorpion is differentiated into broader preabdomen 
and narrower post-abdomen raised upwards. The post-abdomen ends in 
a poison vesicle which carries a curved spine or sting. The sting is used 
for killing or paralysing the prey and also for defence. 


Spiders. The spiders (Fig. 33.25) live in all habitats and are 
common in the houses and gardens. They feed on insects, sucking only 
fluid from their bodies. The prey is captured in various ways. The 
hunting spiders run it down in a chase or jump over it stealthily. Other 
spiders entrap the prey in webs made of silk threads which are 
secreted by special abdominal glands. The web shows a great variety 
of form in different species. The familiar geometrical web of the garden 
spider is a wonderful piece of spider architecture. 
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The spiders show sexual dimorphism. The males are much smaller 
than the females. During mating, the male very carefully approaches 
the female because he is likely to be eaten up if she is not in a mood to 
receive him. Even when accepted, he may be killed and eaten up after 
copulation. 

The spider has unsegmented abdomen and a flattened cephalothorax, 
the two joined by a narrow waist. 

TABLE 18 

Differences between Spiders and Insects 


Spiders 


Insects 


1. Have two body divisions : 
cephalothorax and abdo- 
men. 

2. Show no trace of segmenta- 
tion. 

3. Lack antennae. 

4. Have simple eyes. 

5. Mouth parts include paired 
chelicerae and pedipalpi. 


6. Mouth parts adapted for 
sucking. 


7. Lack wings. 

8. Have 4 pairs of legs. 

9. Have spinnerets for produc- 
ing silk thread. 

10 Genital opening anterior on 
second abdominal segment. 

11. Development is direct. 

12. All are carnivorous and 
useful to man. 


1. Have three body divisions : 
head, thorax and abdomen. 

2 . Show segmentation in thorax 
and abdomen. 

3. Have a pair of antennae. 

4. Have compound as well as 
simple eyes (ocelli). 

5. Mouth parts include a 
labrum, a pair of mandibles, 
a pair of maxillae, a labium 
and a hypopharynx. 

6. Mouth parts variously 
adapted for chewing, suck- 
ing, siphoning, sponging, 
etc. 

7. Usually have one or two 
pairs of wings. 

8. Have 3 pairs of legs. 

9. Lack spinnerets. 

10. Genital opening at posterior 
end of abdomen. 

11. Development usually with 
larval stages and metamor- 
phosis. 

12. May be herbivorous, carni- 
vorous, omnivorous and 
useful or harmful to man. 
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IV. Economic Importance 

Crustacea. Many crustaceans provide human food, directly or 
indirectly. The larger forms like lobsters, cray-fish and prawns are 
eaten in various parts of the world. The smaller forms like water-fleas 
are fed upon by many fishes and other aquatic animals, which ultimately 
reach our table. The crustaceans are harmful also. Some serve as 
intermediate hosts for human parasites. Cyclops carry larvae or a 
nematode, the Guinea worm, and a cestode, the broad tapeworm. 
The crabs and cray-fish harbour larvae of the lung-fluke. A few crus- 
taceans, if present in large numbers, act as crop pests, e.g. the cray- 
fishes damage cotton plants. A wood-boring crustacean, the gribble, 
damages wharves in the sea by burrowing in them. 

Chilopoda. The Chilopoda may be regarded as beneficial to man 
as they feed on insects, some of which are injurious. Larger forms 
inflict painful bites which may result in headache, dizziness and fever. 
The smaller forms are harmless. 

Diplopoda. The Diplopoda are of little economic importance. Most 
of them are scavengers and dispose off the dead organic matter. Some 
feed on plant roots and cause damage in green-houses and gardens. 

Insecta. The insects are useful to man in the following ways i 

% 

1. They give us many substances of commercial importance, e.g. 
honey and bee’s wax are produced by the honey-bee, silk by silkworms, 
shellac by lac insects, cochineal (a red pigment) by cactus scale insect, 
cantharidine by Spanish fly, etc. 

2. Insects aid in the production of fruits, seeds and vegetables by 
pollinating the flowers. The more important pollinating insects are 
bees, wasps, ants, butterflies, moths, bugs and beetles. 

3. Insects form human food. Insects like grasshoppers, locusts, 
crickets, aquatic bugs and many more are eaten by human beings in 
certain parts of the world. 

4. Insects form food for animals useful to us. Many animals that 
come to our table as food subsist on insects, e.g. fish, chickens, turkey 
and hogs. 

5. Insects act as scavengers. Carrion beetles bury human faeces 
and cattle dung in the ground. The flesh flies lay eggs in the animal 
carcases which are completely eaten up by their maggots in no time. 
Ants dispose olf all sorts of dead organic matter. 

6. Insects destroy other injurious insects. Dragon flies feed on 
mosquitoes, lady-bird beetles eat up plant-lice, praying mantides 
consume many harmful insects and so on. 

7. Insects destroy weeds by feeding on them. 

8. Insects promote soil fertility by making burrows in it and by 
adding their faeces and dead bodies to it. 
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9. Insects are employed in scientific studies. Cockroach, Ak grass- 
hopper and fruit-fly are abundantly used as laboratory animals for 
scientific learning and research. 

10. Insects have aesthetic and entertaining value too. Brightly- 
coloured forms are used as ornaments in trays, rings and necklaces. 
Crickets are reared as pets by Orientals. Some insects have served as 
subject-matter for poems. 


Insects are also harmful to man in many ways : — 

1 They destroy field crops, fruit trees and timber plants. The more 
destructive insects are locusts, grasshoppers, beetles, caterpillars, aphids, 
leaf-hoppers, scale-insects, bugs and weevils. 

2. They damage stored grains, e g. grain weevils and ants. 

3 They spoil useful articles in the houses, e.g. silver -fish damages 
books white-ants destroy furniture, cloth-moths eat up clothes carpet 

beetles damage fur, woollens and feathers, wood-boring beetles destroy 
furniture, cockroaches and ants pollute food, and so on. 

4 They spread diseases among human beings. The more important 
disease-carriers arc house fly, mosquitoes, lice, sand-fly, tse-tse fly and 

bUg 5. They spread diseases among domestic animals and useful plants. 
c. Thev annoy man in various ways. Bees and wasps sting , 

mosquitoes, ‘ice and fleas bite and suck blood ; small insects fall into 

the eyes. 

. U The arachnids are mainly harmful to man. Scorpions 

Arachuida The arachn.dw ^ ^ ^ Certain mites damage 

and a few spiders P° (Eriophyee ) injures buds and fruits of apple, 
crops, e g. the blister (b. P > > of man an d his domestic 

Peat f % alio cS tae-causing Protozoa responsible for 
animals. They a > ' . a nd so on A f ew mites also 

Taxas fever m cat«e. t ck fever in mi ^ ^ {Sarcoptes scabei) 

attack man an hu man skin and causes severe irritation. The sheep and 
penetrates into hum and f ovv i s . Spiders and scorpions arc 

beneficiaUo a certain degree as they feed largely on injurious insects. 


V. Summary r ar - t hrop-o-da) : Animals with jointed legs, 

externally^egmented body, chitinous exoskeleton. 

Class 1. Crustacea (kra-stay-sha) : Two pair of antennae, e.g. Palae- 
Cl C ass y 2 fiSh ChMo b poda (ky-lop-o-da) : Long flat body, one pair of legs 

-ST’ D^plopoda'wip-lop-o-da) : Long cylindrical body, most 
segments with 2 pairs of legs each, e.g. millipede. 
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Class 4. Insecta (iu-sek-ta) : 3 pairs of legs, usually two pairs of 
wings, one pair of antennae. 

Sub-class (a) Apterypgota (a-ter-ee-go-ta) : Primitive wingless 
insects. 

Order (/) Thysanura (thy-sa-neyo-ra) : Mouth-parts chewing, e.g. 
silver-fish. 

Sub- class ( b ) Pterygota (ter-ee-go-ta) : Typically winged insects. 

Order (/') Orthoptera (or-thop-ter-a) : Fore-wings thick, hind thin, 
mouth-parts chewing, metamorphosis gradual, e.g. grasshopper, locust. 

Order (/'/) Dictyoptera (dik-teop-ter-a) : Forewings thick, hind thin, 
mouth-parts chewing, metamorphosis gradual, cerci many-jointed, e.g. 
cockroach, praying mantis. 

Order (///) Phasmida (Fas-me-da) : Fore-wings thick, bind thin, 
mouth-parts chewing, metamorphosis gradual, show protective resem- 
blance, e g. leaf and stick insects. 

Order (zV) Isoptera (eye-sop-ter-a) : Social, sexual forms with like 
wings, mouth-parts chewing, metamorphosis gradual, e.g. termites. 

Order (v) Odonata (o-do-nay-ta) : Two pairs of thin wings, mouth- 
parts chewing, metamorphosis incomplete, e.g. dragon-fly, damsel-fly. 

Order (vz) Homoptera (ho-mop-ter-a) : Wings 4, 2 or none, mouth- 
parts piercing-sucking, metamorphosis gradual, e.g. aphid. 

t rder (vz7) Hemiptera (he-mip-ter-a) : Fore-wings half thick and 
half-thin, mouth-parts piercing-sucking, metamorphosis gradual, e.g. 
bugs. 

Order (vzVz) Coleoptera (ko-lee-op-ter-a) : Fore-wings very thick 
and veinless, mouth-parts chewing, metamorphosis complete, e.g. 
beetles, weevils. 

Order (z.vj Lepidoptera (le-pi-dop-tcr-a) : Wings covered with 
coloured scales, mouth-parts siphoning, metamorphosis complete, e.g. 
butterfly, moth. 

Order (.v) Siphonaptera tsy-lan-ap-ter-a) : No wings, mouth-parts 
piercing-sucking, metamorphosis complete, e.g. fleas. 

Order (xi) Diptera (dip-ter-a) : Only fore-wings, mouth-parts 
sponging or piercing-sucking, metamorphosis complete, e.g. flies 
mosquito. ’ * 

Order (xii) Hynienoptera (hy-men-op-ter-a) : Wingless or with two 
pairs ot thin wings, mouth-parts chewing or chewing-lapping, metamor- 
phosis complete, e.g. bees, wasps, ants. 

Class 5 Arachuida (a-rak ni-da) : No antennae, less 4 pairs e s 
scorpion, spider, mite, tick. F * 
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TEST QUESTIONS 

1. Discuss the characteristics of the phylum Artbropoda. Name its classes and 
show how they differ from each other. Give a few important examples of each. 

2. Give an account of the economic importance of insects. 


3. Assign to the following animals their rightful place in the animal kingdom. 
Also write a short note on each : — 

Crab, Honey-bee, Grasshopper, Centipede, Scorpion, Wasp, Spider, Prawn. 


4. Show the differences between the 

(a) Butterfly and Moth. 

(c) Beetle and Bug. 

( e ) Centipede and Millipede. 
(^) Spider and Insect. 


following : — 

( b ) Dragon-fly and Damsel-fly. 

( d ) Culex and Anopheles. 

(f) Tick and Mite. 


5. Give the names of the following 

(a) Two poisonous Arthropoda. 

(c) Two Aquatic Insects. 

( e ) Two Singing Insects. 

( g ) Five useful and five harmful Insects. 


C b ) Three parasitic Insects. 
(d) Four Social Insects. 

( / ) Four Disease Carriers. 
(//) Two Wingless Insects. 
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Phylum Mollusca 

(The Soft Animals) 


Characteristics 

The phylum Mollusca includes the mussels, snails, slugs, cuttle- 
fishes, etc. The mollusks show the following characters— 

1 . They have a soft, variously shaped, usually unsegmented body. 

2. The symmetry is fundamentally bilateral but in one class 
(Gastropoda) it has been lost due to the twisting of the visceral mass. 

3. The body develops from three germ layers, hence triploblastic. 

4. The body is typically differentiated into three regions : an 
anterior head, a dorsal visceral mass and a ventral foot. 

5. The visceral mass is covered by a thin glandular fold, the 
mantle, which usually secretes a calcareous shell outside it for the 
protection of the animal. In some cases, however, the shell may be 
internal or even absent. 

6. The space between the visceral mass and mantle is called the 
mantle-cavity. This cavity contains the anus and the excretory and 
genital apertures. 

7. Respiration is usually carried on by gills called the ctenidia. 

8. Some have lungs instead of or in addition to ctenidia. The 
digestive system is complete. 

9. Circulatery system is open, comprising a heart, a few arteries, 
sinuses and blood with respiratory pigment. 

10. Coelom is reduced to cavities in the pericardium, kidneys and 
gonads. 

1 1 . Excretery system includes sac-like kidneys. 

12. Nervous system includes paired ganglia connected by 
commissures and connectives. 

13. The animals may be unisexual or bisexual and the gonads have 
gonoducts. 

14. Development may be direct or with a larval stage. 

1 5. The mollusks are widely distributed all over the world in 
marine, fresh water and terrestrial habitats, though most abundant in 
the sea. 

16. They are typically sluggish auimals. 
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II. Classification . 

jsl «&&? 

enclosed in a bdobcd mantle. T foQt is Uatc het-shaped and is 

which are movably hing / Xliere j s no head. Respiration 

used for burrowing and cree P‘“if ar in nature. The animals may be 
occurs by gills which an la “ e1 ^ both in the sea and fresh water, 
unisexual or bisexual. The, t The mussul o, 

-JWssfri s fa &g- 

enters and leaves the mantle ca y carries oxygen and tooa 
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The sluggish mussel has a very interesting mode of dispersal. The 
larvae attach themselves to the skin and gills of fishes on which they 
hve as parasites till they develop into small mussels. The fishes travel 
to far off places where the young mussels drop off. 

Class 2. Gastropoda. It includes the snails and slugs. The body is 
asymmetnca! and spirally coiled. It is enclosed in similarly coiled 
shell which consists of one piece only. The foot is large and flat 
and is used for creeping. There is a distinct head with eyes and 
tentacles. Respiration occurs by gills or mantle-cavity or both. The 

water and^n or bisexual - They live in the sea, in fresh 


Apple Snail (Fig. 34.1). The apple snail (Pita) is a fresh-water 
mollusk, very common in the ponds, streams, lakes and paddy-fields. 

h f a h S e a , Sp T f a°‘ ed Sh n ln W i llch lt can com P lete| y Withdraw itself 

at the time of danger. Even the aperture of the shell can be closed 
with an operculum borne on the foot. The head bears two Dairs of 
tentacles and a pair of stalked eyes. All apertures (ana , genha and 
pulmonary) open into the mantle cavity. The movemen of the snafi 
. very slow and proverbial, “snail's speed.” It is due to the fact that 

the '"foot °V ° f mucu ?, secre,e d by a gland at the anterior end of 
!c ;, !?*' 1 f , d ° n Sraa l aquatic plants. It can stay out of water 

hreithint 8 - 3 p “ lmona !7 sac f °r breathing air in addition to a gill for 
breathing in water. Pi la is unisexual. Development is direct. 

i Sl ? 8 i F ' 8, 34 -J)- The slug (Umax) is a terrestrial mollusk found 
almost all over the world. It is naked, the shell being reduced and 
internal. It, consequently, lives in moist and shady places to save 
itself from drying up. The head bears two pairs of tentacles short 
antenor of tactile function and long posterior bearing eyes at the tins 

ns n\a^.e cLvitv d is PU nu,°di fi ary H ? perture * T° directfyTo the' exterior.' 

iib manue cawiy is modihed to act as a lung for breathing air rt 

of C its 8 foot on a "excreted" 6 , racf^ ’of^mf" 5 7/ Sl ° W,y by means 
herbivorous. It is “o 


S’.'tsvs’jg aaf “ ■ fir 1 ' ° v "“ 

The hhimals are unise.v i). b ' 

Cuttle-fish (Fig. 34 1 ) Thp , 

actively-swimming, marine mollusk Its'^odv “ s >' n ’ , ’ ,etrical - 
large head, a very small neck am , i b , y ls , differentiated into a 

laterally a pair of iTree eyes and inlJ; "? [ Unk ' The heab bears 

five pairs of arms. The arms o^ the fouiVnai m ° Uth | SUrrOUnded by 
and are called tentacles. Thev bear snrtcprfi P i 1 are . ,on S er * slender 



PHYLUM MOLLUSCA 


395 


of theii inner surface. The suckers act as organs <*jMachmwt. J 1 * 
trunk is oval and bordered laterally by muscular folds, the bns. 
strengthened by an internal calcareous shell. 

« ssrsa v 

sutssr 

Til Economic Importance 

' Mollusks are of SPASA 

snails, slugs, ete. are edible. M yj , ying | ime to poultry 

and mammals. Oyster shells . a f res h-water mussels. The pearl 

Sffsars. skss. .’■ft .T&ear^s 

P “"- 

S.»« molloak. are barmfa' .Uo, M 'GST for 

5SX3S SSSSrSK-SST V„* the ship-worm, destroys 

the ships by burrowing in the wood. 

IV. Summary us -ka) • Soft animals usually with shell. 

r : “;;r ;;:^p-a) = - - v^, ** 

axe *?;X^w da ) : shen spirai - foot flat> 

'“"'s’ 5 cephalopoda (sef-a-.op-o-da) : Shell interna, or coiled like 
watch-spring, e.g. cuttle-fish^ questwns 

Give imporrait, 
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Phylum Echinodermata 

(The Spiny-skinned Animals) 


I. Characteristics 


The phylum Echinodermata includes the star-fishes, sea-urchins, 
brittle-stars, sea-cucumbers sea-lilies, etc. The echinoderms show the 
following characters — 

1. They have radial symmetry. 

2. They are triploblastic and unsegmented. 

3. The body is variously shaped and is always without a head. 

4. Many organs are ciliated. 

5. The body-wall usually contains an endoskeleton of calcareous 
plates which bear protruding spines. 

6. Coleom is large and lined with ciliated peritoneum. A part of the 
larval coelom produces a peculier system, the water vascular system, 
which includes the structures called the tube-feet. This system helps in 
locomotion, capturing food and respiration. 

7. The digestive system is usually complete. 

8. Circulatory system is reduced. 

9. Nervous system consists of a nerve-ring round the mouth and 
radial nerves. 

10. The t>exes are separate. 

11. There is a free-swimming ciliated larva with bilateral 
symmetry. 

12 All echinoderms are marine. 


II. Classification 


The phylum Echinodermata is divided into five classes : 

Lchinoidea, Ophiuroidea, Holothuroidea and Crinoidea. 


Asteroidea, 


. C, A a f s 1 ; Asteroidea. It includes the star-fishes 
3..I-A . The body is star-shaped. The arms are not 
fiom the central disc. The spines are short. 


or sea-stars (Fig. 
sharply marked off 


Ciass 2 Echinoidea. It includes the sea-urchins (3S.1-B) The 
body is globular or chsc-like. The spines, if present, are very long 
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• b, S„ 1. Holothuroidea. I. include. “ta 

D). The body is long and c yl ,n d» j h M , h is surrounded by 

endoskeleton consists of minute spicules. Mou n 

tentacles. .... or f eat her stars (Fig. 

Class 5. Crinoidea. It incudes the s J ike ca | yx which is fixed 
35 1-E) The branching arms arise from a cup-lute caiy 

by a stalk. The spines are absent. 



A. Star-fish 







D . Sea cucumber 
C ' IsT Representatives of Phylum Echmoderma.a 
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III. Economic Importance 

Echinoderms have very little economic importance. Eggs of star-fishes 
and sea-urchins are eaten in certain regions. Dry sea-cucumbers are 
used in soup. Because of their high percentage of calcium and nitrogen, 
the skeletons of echinoderms are dried and used as fertilizer. The eggs 
of star-fishes and sea-urchins are also used in experimental researches. 
Star-fishes are harmful also as they destroy oyster-beds. 

TEST QUESTION 

1. Describe the characteristic features of echinoderms. Name their main groups, 
giving example of each. Discuss the economic importance of echinoderms. 


CHAPTER 



Phylum Chordata 

(The Chordates) 


The chordates mark the climax of the animal kingdom. They include 

the larger and more familiar animals including ma . ^Onlv the 
diversity of habitat, form and structure .to .an amazing degree. d Only the 

Arthropoda among the non-ehordates riv mankjnd< Because of all 

factors? t°he 8 ^ is regarded aS the m ° St important 

group of animals. 

L ^“s possess the following diagnostic features (Fig. 36.1) 

1 Notochord. ^h® no|ochord is a supportmg^K) ym 

&SKS S2 th (^structure. I. Hjn. chordates, at 

some stage of life In ^J^^r'L^ially, in the adult by a back- 
higher ones, it is replaced who y P b * rd in the non-chordates. 
bone or vertebral column. The e anon The neryous 

2. Dorsal Hollow Centra located against the dorsal body- 

system in chordates is a ho o traf ner ve-cord of non-chordates. 

wall in contrast to the solid and throughou t life in almost all the 
The dorsal hollow cord persist >n s g jn the adu | t . 

chordates except a few form wher- * in the wa „ of the 

3. Gill-slits. The gj chordates at some stage of life. They 
pharynx. They occur in a tlic c |ower forms> , ike protochoj^Ut^ 

are retained throughout fe y dev£|oped only in the lapfaTmembryo- 
fishes and someamph.b ^ ^ ampb j bi a9> re ptiles f birds and 

nic stages in the higher s) . ts in the non-chordates. 

mammals. There a of tbe body be hind the anus, 

4.. Tail. The tail, which wth^P J [( _ js very flexible and muscular 

is developed in almost d ] die aqua tic forms it is the chief pro£ulsiv|_ 
and contains no Viscera. 1 4 various shapes and functions 

organ while in ^V^Thtaduh The tail is absent in the non-chordates. - 
or may be reduced : » The ^ flows ^ a closed system of 

^‘stiss ^ 

w% Kra? vessel. This is just the reverse 
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of the condition prevalent among the non-chordates. In the chordates 
the blood carries haemoglobin in the red blood-corpuscles* The respira- 
tory pigment, if presents dissolved in the plasma in the non-chordates. 

6. Endoskeleton. The main supporting frame-work of the chordates, 
when present, is usually internal to the muscles and . is called the 
endoskeleton. It consists of cartilage or bone and contains living cells. 
On the other hand, the supporting framework in the non-chordates, it 
present, is usually external to the muscles and is called the exoskeleton. 
It is secreted by the epidermis and does not contain living -cells. 

7. Appendages. The appendages, if present, occur in not more than 
two pairs (fins or limbs) in the chordates and in several pairs in the 
non-chordates. 

8. Metamerism. The chordates show segmentation which frequently 
tends to be masked externally. The non-chordates usually lack segment- 
ation except the annelids and arthropods in which segmentation is of 
different type. 



anus 


A typical non-chordate 

SPINAL CORD 



Atypical chrrdate. 

Fig. 36.1. Figures showing fundamental difference 
between a chordate and a non-chordate 


The chordates are further characterized by the following features 
which they share with many other phyla. 

They are triploblastic, have organ grade of construction, show 
bilateral symmetry, possess well developed coelom, have a complete 
digestive tract, and usually develop distinct head with sense organs at the 
anterior end of the body. 
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II. Classification 

The phylum Chordata is generally split up into four sub-phyla : 

Hemichordata, Urochordata, Cepbalochordata and Vertebrata. 

Sub-pbylum 1. Hemichordata*. In the Hemichordata the body is 

JSsUf* jsasre : sr 

,p,c= s . It Ms a vMtr.1 \t £"d i.Ihe 

* P K of th« non-ehordate type. Th. tail i. 

1 is a common hemichordate. It is a 
soft worm-Hke creature found in shallow waters of almost all the seas 

Sub-pbylum. 2 «*££*■ 

Urochordata are widely differ • ^.e dorsal ho „ ow centra i nervous 

a typical chordate in hav g tJ ch ’ ord The notochord is, however, 

system, gill-slits, and a distinct * free sw jmming life, the larva 

confined to the tail only. A [‘ e ., [ absorbed, notochord disappears 
fixes itself to some ob J ec ‘> ' b m Educed to a single ganglion. The 
and the central nervous system is ed ^h & single chordate feature, 

sedentary adult, which is left o >y covering, the test or tunic, 

namely, the g.ll-shts, ^velo^ chordate . lik e larva into a degenerate 

adulfis caMed retrogressive metamorphosis. 

adult is callea b 01ifl i. aperture atrial aperture 




FOOT 


Fig. 36.2. 1 he acorn worm ( Balanoglossus ) 


Fig 36.3 The sea-squirt 
(Herdmania pallida ) 


— T nowTtendcnc^cTexdude'^ HemichordaTa'fmm the Chordata as 

th eir chorctafe allin hies' are J, doubtful. 
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The sea-squirt (Fig. 36.3) is a common urochordate. It inhabits 
the rocky beds in the coastal waters of the Indian seas. 

Sub-phylum 3. Cephalochordata. The Cephalochordata have an 
elongated, laterally-compressed fish-like body but without paired fins 
and head. Both the notochord and the nerve-cord are well developed, 
extend along the entire body and persist throughout life. There are 
several gill-slits in the wall of the pharynx. Tail is retained m the 

adult stage. 

The lancelet (Fig. 36.4) is the common cephalochordate. It lives 
near the sea-coast, partly burried in sand. 



Fig. 36.4. The lancelet (A mphio xu y) 

Sub- phylum 4. Vertebrata (Craniata). The vertebrates are the typical 
chordates. They have the following features in addition to the universal 
chordate characters listed earlier : — 

1. The notochord is partly or completely replaced in the adult by a 
segmented vertebral column (hence Vertebrata). 

2. The anterior part of the dorsal nerve-cord is differentiated into 
the brain, the rest forming the spinal cord. 

3. The front end of the body is transformed into head to lodge the 
brain and the sense organs. 

4. The head develops skull to provide cranium for protection of the 
brain (hence Craniata) and partial or complete capsules for the sense 
organs. 

5. There is a true muscular heart with valves and at least two 
chambers, an auricle and a ventricle. 

6. One or two portal systems of veins have been developed. 

7. The pharynx is comparatively small and the gill-slits are fewer in 
number. 

8. The skin consists of two regions : outer epidermis of many 
cellular layers and the inner dermis of connective tissue. 

9. The organs for the excretion of nitrogenous wastes are kidnevs. 

10. There is a definite system of endocrine glands. 

11. The sexes are separate ; gonads are reduced to a single pair in 
the adult ; gonoducts are almost invariably present for the discharge of 
the sex cells. 

12. Asexual reproduction and colony formation are entirely 
unknown. 

The sub-phylum Vertebrata is divided into two super-classes ; 
Agnatba and Gnatbostomata. 
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Super-Class 1. Agnatha. This super-class includes the vertebrate- 
which lack jaws. It has a single class the Cyclostomata. 

Class Cyclostomata. The cyclostomes have an eel-like body with 
smooth, scaleless, slimy skin. The rounded, suctorial, jawless mouth 
remains permanently open. The paired fins and their girdles are absent. 
The median fins are present but lack true fin-rays. The notochord is 
persistent. The vertebrae are rudimentary. Skeleton is cartilaginous. The 
cranium is incomplete. The olfactory organ is unpaired. The internal 
ear has only one or two semicircular canals, the horizontal canal being 
absent. The pineal body is eye-like and sensitive to light. The cyclo- 
stomes live both in fresh and salt water. 

Lamprey (Fig. 3*. 5). The lamprey is a common cyclostome. It 
lives in the sea but ascends the rivers to spawn in spring. It has two 
dorsal fins, a tail fin and seven pairs of gill-slits. The animal has a 



Pisces 

Tetropada 

1. These are all cold-blooded an.- , 
mals. 

2. These are all aquatic. 

1. These include both cold and warm- 
blooded forms. 

2. These are typically terrestrial though 
some have become aquatic second- 


3. These breath by gills throughout life. 

4. Their paired appendages are fins. 

5 Their heart is 2 chambered. 

6 . These have 10 pairs of crinial 

nerves. 

7 These lack internal nares. 

8 . These have lateral line sense organs. 

9. These have only internal ear. 


amy. - , 

3. These breath by lungs. A few breath 
by gills in the larval stage or even 
throughout life. 

4 Their paired appendages are penta- 
dacyle-limbs. 

5. Their heart is 3 or 4 chambered. 

6. These have 10 or 12 pairs of cranial 

nerves. 

7. These possess internal nares. 

8. These lack lateral line seme organs. 

9. These have middle and external ears 

flHrtitinn to internal car. 
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CLASS 1. CHONDRICHTHYES (EL AS MOBR ANCHII) 

All Chondrichthyes are marine. They are cold-blooded vertebrates. 
The skin is tough and covered with an exoskeleton of placoid scales, 
which develop partly from the mesoderm and partly from the ectoderm. 
Both median and paired fins are present. They are supported by horny 
fin-rays. The pelvic fins bear claspers in the males. The tail is 
heterocercal or asymmetrical. The mouth and external nares are on the 
ventral side of the head. The internal nares are absent. The pharynx 
has five to seven pairs of gill-slits which are usually uncovered. In front 
of the gill-slits there is often a slit, the spiracle. There is no air- 
bladder. The notochord is only partially replaced by vertebrae. The 
endoskeleton is cartilaginous. The digestive and urinogential systems 
have a common outlet, the cloacal aperture. Sharks and rays are 
examples. 

Indian Shark (Fig. 36.6). The scientific name of the common Indian 
Shark is Scoliodon , 

(/) Habitat. The Indian shark is found along the coasts of India. 

(//) Habits. It is carnivorous in diet, feeding on crabs, lobsters and 
fishes. It is a swift swimmer. It is viviparous, i.e. it delivers living young. 
It is eaten by poor people. 

(///) External Characters. A full-grown specimen is about 60 centi- 
metres long. It is grey above and white below. It has a long spindle- 
shaped body tapering at both the ends. The body is divisible into three 
parts : head, trunk and tail. There is, however, demarcation between 
these regions. The head is dorso-ventrally compressed and is produced 
in front into a thin wedge-shaped snout. It bears a wide crescentic mouth 
and a pair of oblique external nares on the ventral side and a pair of 
rounded eyes laterally. The trunk and the tail are flattened from side 
to side. The trunk bears 5 vertical gill-slits on each side just behind the 
head, fins (paired as well as unpaired) and an elongated cloacal aperture 
on the ventral side. The tail is turned upwards and is described as 
heterocercal. 

There are four median fins. Of these, two are on the dorsal side 
and are known as the dorsal fins, one is on the ventral side and is 
termed the ventral fin and one is round the tail and is named as the 
caudal or tail fin. The first dorsal fin is triangular in outline 
and is situated a little in front of the middle of the body. The second 
dorsal fin is also triangular but is much smaller. It lies near the end of 
the trunk. The caudal fin is narrow on the upper side and broad on 
the lower side, where it is divided into two parts by a notch. The ventral 
fin lies some distance in front of the caudal fin. At the base of the tail 
there is a shallow caudal pit on the dorsal as well as the ventral side. 

The paired fins are in two pairs. The fins of the anterior pair are 
known as the pectoral fins and those of posterior pair as the pelvic 
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fins. The pectoral fins are large and triangular. They arise from the 
ventro-lateral margins of the trunk just behind the gill-slits. The 
pelvic fins are much smaller than the pectorals. They arise close 
together from the ventral side. In the male, each pelvic fin bears a 
copulatory organ, called the clasper, along its inner edge. 



Fig. 36.6. The India Shark ( Scoliodon ) 


All the fins are directed backwards. This is helpful to the fish in 
forward propulsion through water. 

There is a faint line on either side of the body. This is called the 
lateral line. It marks the position of underlying special receptor organs 
for detecting waves and current in water. 

Electric Ray (Fig. 36.7). The electric ray (Torpedo) is found in the 
Mediterranean and Red Seas and in the Atlantic, Pacific and Indian 



Fig. 36.7. The electric 
ray ( Torpedo ) 


/Va* 
% 



Fig, 36. 8. The sting-ray 
( Dasyaius or Try gun) 
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Oceans. It leads a sluggish life on the sea-floor. Its body is dorso- 
ventrally compressed and is nearly circular in outline. The mouth, 
external nares and gill-slits are on the ventral side. The eyes and 
spiracles are on the dorsal side. The pectoral fins are very large and 
are confluent with the sides of the head. The pelvic fins are much 
shorter and lie at the junction of the trunk and the tail. The tail is 
short, thick and well-marked off from the trunk. It bears two dorsal 
fins and a caudal fin. 

The fish is carnivorous in diet and feeds on crustaceans, mollusks, 
and other fishes. It has a pair of large electric organs which give 
powerful electric shocks to stun or kill the prey and enemies. Larger 
specimens may disable man. The electric organs consists of modified 
muscles. 

Sting-ray (Fig. 36.8). The sting ray ( Try go n) inhabits the Mediter- 
ranean and the Atlantic, Pacific and Indian oceans. It has a subrhombic 
body with nares, mouth and gill-slits on the ventral side ; eyes and 
spiracles on the dorsal side ; and a long whip-like tail sharply marked 
off from the trunk and bearing a sharp serrated spine in place of the 
dorsal fin. 


CLASS 2. OSTEICHTHYES (TELEOSTOMI) 

The Osteicthyes occur both in fresh and salt water. They are also 
cold-blooded. The skin is delicate and is covered with an exoskeleton 
of scales which are usually cycloid but may be ctenoid or ganoid. The 
scales develop entirely from the mesoderm and are bony in nature. Both 
median and paired fins are present. They are supported by cartilaginous 
or bony fin-rays. The pelvic fins are without claspers in both the sexes. 
The tail is homoccrcal, i e. symmetrical. The mouth lies at the anterior 
end of the head. The internal nares are rarely present. The pharynx 
has only four pairs ot gill-slits which are covered by an operculum. 
There is no spiracle. The air bladder is present. The notochord is 
almost completely replaced by vertebrae. The endoskeleton is partly or 
completely bony. The digestive and urinogenital systems have separate 
outlets. 

A few interesting examples of the class are carp, cat-fish, flying fish, 
climbing perch, sea-horse, flat fish and lung fish. 

Carp (Fig. 36.9). The common carp is Labeo roliita. 

(/) Habitat. Labeo roliita is the fresh-water carp. It is found in 
all the rivers and streams of Punjab. Its local names are Rohu and 
Dambra. It is an excellent food fish. 

(/'/') Habits. The fish is carnivorous when young, feeding on crusta- 
ceans and insect-larvae. When adult, it changes its diet and becomes 
herbivorous. It prefers clear water. It breeds in July and August. 
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(Hi) External Characters. A full-grown carp is about 90 centimetres 
long. It is greyish on the back and silvery-white on the sides and belly. 
The body of the fish is elongated and laterally compressed. It is 
divisible into three parts : head, trunk and tail. The head bears the 
mouth, a pair of small thread-like barbels on the upper jaw, two pairs 
of small external nares and a pair of prominent eyes. The trunk and the 
tail are covered with scales. The tail is straight and symmetrical. 


OORSAL FIN 



MAXILLARY 
BARB£l 


MOUTH 


LATERAL LINE 


Fig. 36.9. The Carp ( Labeo rohita ) 


VENTRAL FIN 


OPERCULUM 

PlCTORaL FIN 


rELVlC FIN 


The fish possesses both median and paired fins. There are three 
median fins • a large dorsal fin on the middle of the back, a smaller 
ventral fin behind the middle of the belly and a deeply-forked 
symmetrical caudal fin at the end of the tail. The paired fins include 
pectorals and pel vies. The pectoral fins are Urger and ruuigu ar 
Thev arise from the ventro-lateral margin of the trunk close to tne 
Jper y cufum. The pelvic fins are smaller and arise from ‘^ ventral surface 
of the trunk opposite to the dorsal fin. All the fins are supported by 
bony fin-rays and all of them are directed backwards. 


A lateral line runs along either 
position of special sense organs meant 
currents in water. 


side of the body. It marks the 
for the detection of waves and 



Fig. 36. 10. The cat-fish (Rita rifa ) 


408 


ZOOLOGY 


Cat Fish (Fig. 36. 10). The cat-fish (Rita rita ) is found m the rivers 
and streams of Punjab. Its local names are Khagga and Tirkanda. The 
bodv is covered by soft slimy scaleless skin except a few hard bony 
olates on the depressed head. The head bears three pairs of barbels : two 
pairs on the upper jaw and one pair on the lower jaw. There are two 
dorsal fins. The posterior dorsal fin lacks fin- rays and is very soft. It 
is called the adipose fio. The anterior dorsal and the pectoral fins are 
armed with a strong backwardly directed spine each along the anterior 
border. The fish is carnivorous and prolific breeder. During winter 
it hides itself under rocks and stones at the bottom. It can cause severe 
wounds with its spines. 

Flying fish. (Fig. 36 11). The flying-fish (Exocoetus) inhabits the 
tropical and sub-tropical seas. It takes leap from water with powerful 
tail and slowly glides through the air with pectoral fins which are very 



F>8. 36.11. The flying fish {Exocoetus) 

large for this purpose. The pectoral fins only act as parachute as no 
force is acquired in the air. The fish takes to flight to escape from ene- 
mies. It is carnivorous. 



Hg. 36.12. The climbing perch ( Anabas ) 
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_ /t - ** i/r 10 \ The climbing perch (Anabas) inhabits 
Climbing perch (Fi g V 3 . 6 ;' ’ 2 ,L i J ce vlon B u rma , the Malay Arch.pe- 

estuaries. rivers and tanks in I • y 0 nerculum, the single dorsal fin 

lago and the Philippine Islands ‘ T hic £ P enable the fish to travel long 
and the ventral fin bear spines wn . ajr by an accessory 

distances on land. When out ° tbe g iU S . Its climbing is doubtful, 
air-breathing chamber present ab ° . ea . horse ( Hippocampus ) lives among 
Sea-horse (Fig. 36.13). ers 0 f the tropical and temperate seas 

the weeds growing in coasta term inal mouth. The head is at right 

It has tube-like snout with a small term . _ The entire body is 

angles to the body and resembles ings There is a single dorsal fin. 
protected in an exoskeleton of several g , and cauda l fins are 

The pectoral fins are reduced. The ^ animal clings to the weeds 
absent The tail is prehensile an f the dorsal Im with the body 

witMt. The sea-horse swims by mean of pQUch on the ve ntrai 

held in a vertical position. The ma. 
side of its tail for keeping egg . 




Fig. 36.14. The flat fish (Soka) 

... ,, ,3 Sea-horse (. Hippocamp us) found on the sandy 

SS SSz SI * 

SSS-" 8 * “ rssru— .. srsr ass 

pigmented U on 8 botb sides ^"^de^own on the sea-floor and acquire 

the °above e features. ’ 
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African Mud-fish (Fig. 36.15). The African mud-fish (Protopterus) is 
one of the lung-fishes. It possesses internal nares for breathing air with 
lungs. Its paired fins are filamentous. It lives in the marshes near the 
rivers of Tropical Africa. It remains in shallow water and comes to the 



I ig. 36.15. The African mud fish ( Protopterus ) 

a U vnrnnim,l h f 01 V nter r aIs to breatbe air * is carnivorous in diet and is 
also eyh?W?c fCede ^K V eats r worms ’ insects, snails and other fishes. It 
the davtimp cann,bal . lsm - shows greater activity at night than during 
during thp. rlrJ 1 aestlvates ,n the burrows made in the moist ground 

are laid in a and < i° rnes out in the raia y season. The eggs 

fish has snrL c r in tbc lllu ^ ancl arc covered with grass. The young 
sh has a sucker lor attachment and external gills for respiration. 

CLASS 3. AMPHIBIA 

in \vute r a Ji ! d ' o n* 1 a n H & T h C ° 1 1 ! * ^ ^ ^ ° vertebrates > capable of living both 
rich in elands The i,™ 6 ?^ m ls , tbln » m °ist, uncovered, respiratory and 
throughout life or r^h/^^k br . eatbes . b >' gills which may by retained 
open into the bucnl un ® s tbe a TuIt. The olfactory sacs 

and has a single auditorv llares * T,lc middIe ear is present 

pentadactyle ltmbs Th/ riioh ^ .appendages are in the form of 
median fins when'nrxJ are without claws, nails or hoofs. The 
condyles. There are^f^n * a f e w F li 10ut .* fin rays. The skull bears two 

chambered: two auricles lillh ?! ^ ran ! al ncrves - The heart is three- 
the cloacal aperture for th ' I Vcnt J lc * c * There is a common outlet, 

raent is usually aceonipan'eYbf rac'iamorphosh 86111 * 111 SySlemS ‘ DeVel ° P ' 
The class is divided into three orders: Urodela, Anura and Apoda. 

body and Vitaiu^^l’^hrou'-Ihout' e | i f l > le T s ® lam 3 n <lers. They have a long 
which are nearly of equal t f iey , iave tvvo P airs of limbs 

may not persist in the adult. ^ drva gills and gill-slits may or 

Salamander (Fig. 36.16) i. 

places in Europe, Algeria -nul L , an ? ander inhabits moist and shady 

depressed head P and trunk b, ft' 'f If ab ,° ut '5-22 cm. long with a 

shining. The dorsal surface of the "hmlv l k ’ The skin is sraooth an ^ 
viscid irritating fluid is secreted ft i° . bears pores through which a 

and can grow lost limbs. It is q ? sr ? at P ovver of regeneration 

a nocturnal animal. It creeps slowly on 
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land but swims actively in water with the tail. It feeds on worms, insects 
snails, etc. It breeds in water. There is no union of sexes. The 
female picks up the packets of spermatozoa deposited by the male. It 

is viviparous. 



f-'jg. 36.16. Salamander (Salamandra maculosa) 

Order (if) Anura. It includes the frogs and toads. They are shoit 
bodied amphibians without tail in the adult stage. They have two pairs 
of limbs, of which the hind ones are the larger and adapted for swim- 
ming and leaping. Gills and gill-slits never persist in the adult. 

TABLE 20 


Differences between Frog and Toad 




Frog 


Toad 


Fig. 36.18. The Toad (Dufo) 


Fig. 36.17. The Frog (Ratio) 


Habitat 

1. Frog lives in or near water. 


1. Toad lives in dark, shady corners 
of gardens hidden in grass or under 
stones and leaves. It visits water only 
for breeding. 


riabits . . 

2. Frog is diurnal. 

3 Frog lays eggs in a mass. 

External CharaeterSs ^ 

u has respiratory function. 1 . contains 
mmerous mucous glands. 


2. Toad is nocturnal. 

3. Toad lays eggs in a line. 

4. Skin is dry, rough and watry. It 
has no respiratory function. It contains 
numerous poison glands and fewer 
mucous elands. 
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Frog 

5. Body is longer in size and has 
an olive-green colour irregularly mottled 
with dark patches. 

6. Head is triangular. 

7. There are no paratoid glands 
just behind the head. 

8. Fingers and toes lack black 
horny tips. 

9. Webs between the toes are well 
developed. 

Internal Characters. 

10. Teeth are present in the upper 
jaw. 

11. Tongue is bifid. 

12. Liver has three lobes. 

13. Ureters have separate openings 
into the cloaca. 

14. In the pectoral girdle, the epis- 
ternum and oraosternum are present and 
the epicoracoids overlap each other. 

15. Transverse process of the 9th or 
sacral vertebra are cylindrical and 
directed backwards. 

16. Periganglionic glands cover the 
origin of spinal nerves. 


Toad 

5. Body is shorter in size and has 
an ash-grey colour. 

6. Head is semi-circular. 

7. There are two large paratoid 
glands just behind the head. 

8. Fingers and toes have black 
horny tips 

9. Webs between the toes are rudi- 
mentary. 

10. Teeth are absent in both the 
jaws. 

11. Tongue is entire. 

12. Liver has two lobes. 

13. Ureters have a common opening 
into the cloaca. 

14. In the pectoral girdle, the epis- 
ternum and omosternum are absent and 
the epicoracoids do not overlap each 
other. 

15. Transverse processes of the 9th 
or sacral vertebra are flattened and 
directed outwards. 

16. Periganglionic glands are absent. 


Order (Hi) Apoda. It includes the caecilians. They are long-bodied, 
worm-like, burrowing amphibians. The body is marked externally by 
rings which add to the worm-like appearance. The tail is practically 
absent as the anus is sub-terminal. The limbs and girdles are also lack- 
in f\ The gills or gill-slits do not occur in the adults. They have dermal 
calcined scales embedded deep in the skin. The eyes are either absent 
or covered with skin and are functionless. 



Fig. 36.19. Caecilian ( Uraefyphlus ) 

Caecilian. The caecilian (Fig. 36. 19) is found in India and West 

Africa. It lives in the moist ground. Cloaca in the male is eversible to 
torm a copulatory organ. 


CLASS 4. REPTILIA 

The reptiles are cold-blooded predominantly terrestrial vertebrates. 
Their skin is without cutaneous glands (dry) and is covered by horny 
epidermal scales beneath which some have dermal bony plates. They 
typically possess two pairs of pentadactyle limbs which bears claws on 
the digits. Respiration is purely pulmonary, the gill-slits of the embryo 
being without gills and non-functional. The skull has only one occipital 
condyle. There are twelve pairs of cranial nerves. The heart is, as a 
rule, incompletely four-chambered, having two auricles and one ventricle 
partially divided by a septum. In Crocodilia, however, the heart is com- 
pletely four-chambered. There are only two aortic arches, the right and 
the left, and they spring directly from the ventricles. There is a common 
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outlet, the cloacal aperture, for the digestive and urinogenital systems. 
The external ear is often present. The middle ear has a single auditory 
ossicle. Males usually have copulatory organs. Eggs are large, with 
abundant food and limy porous shell. Eggs are laid on dry land. There is 
no larval stage and no metamorphosis. 

The class has three important orders : Squamata, Chelonia and 

Crocodilia. 

Order i Squamata. It includes the lizards and snakes. They have an 

elongated body covered by horny epidermal scales. The ° 

a transverse slit. The males have copulatory organs. The order 
Squamata is divided into two sub-orders : Lacertilia for the lizards and 

Ophidia for the snakes. 

TABLE 21 

Differences between lizards and snakes 



Lizards 


Snakes 


1. Generally have a flattened 

body. , 

2. Usually have two pairs ot 

limbs. ... 

3. Mouth is not distensible 

as the skull bones are fixed. 

4. Eyes may have movable 

lids. 


5. Ears have external audi- 
tory canal and tympanum. 


6. Tongue is entire. 

7. Have two functional lungs. 

8. Possess urinary bladder. 

9. Sternum and episternum 
are present for ventral union ot 

jk s 

” 10. All teeth alike in all forms 


II. Moulting of horny layers 
of the skin occurs in pieces. 

12 Cannot protrude their 
tongue without opening the 

mouth. 


1. Have along, cylindrical 

body. . 

2. Lack limbs and girdles. 

3. Mouth is highly distensi- 
ble due to moveable skull bones. 

4. Eyes lack moveable lids 
and are covered by transparent 
scale. This enables the snakes 
to give an unwinking stare. 

5. Ears lack external audi- 
tory opening and tympanum. 
Hence the snakes are unable to 
perceive air- borne vibrations. 

6. Tongue is bifid. 

7. Have a single lung. 

8. Lack urinary bladder. 

9. Sternum and episternum 
are missing, hence ribs are free 

ventrally. .... 

10. AH teeth alike in non- 

poisonous forms. Poisonous forms 
have a pair of special teeth, the 
fangs, which are large and grooved 
or hollow for the flow of poison. 

11. Moulting of horny layer 

of the skin occurs as a con linu 

Sl °| U 2 eh ' Can protrude .heir t c‘ 0 ? n - 

gue through a median ; 

the lower )« an 

the mouth. 10 

auxillaryolfactoryorgan. 
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Wall Lizard or Gecko (Fig. 36.20) The common wall lizards is 
Hemidactylus flaviviridis . 

(/) Habitat. The gecko inhabits the human dwellings throughout 
the warmer (tropical and sub-tropical) parts of the world. 

(z7) Habits. The gecko is a nocturnal and carnivorous reptile. It is 
often seen capturing insects at night near the lights in summer. In 
winter, it hibernates in crevices and holes. It has a marked power of 
autotomy (breaking off a part of the body) and regeneration (regrowing 
the broken off parts) and uses this power for defence against enemies, 
f caught by tail, it breaks off the tail that engages the enemy by 
performing wriggling movements and enables the lizard to run away. 
The gecko sheds its skin periodically in flakes which are eaten up. It 
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Fig. 36.20. The gecko 
( Hemidactylus flaviviridis) 


match with the background. The 
gecko is oviparous and lays almost 
spherical eggs with hard white shell. 
There is neither incubation nor 
care of the young ones. 

The popular name is derived from 
the characteristic chirping sound 
of “yeko” or “gecko”. The sound 
is produced by striking the tongue 
against the palate. 

(M) External Characters. The 
gecko (Fig. 36 20) has a depressed, 
dust-coloured body, about 15 cm. 
long. It is covered by granular 
scales and is quite rough. It is 
divisible into four regions : head, 
neck trunk and tail. 

1. Head. The head is triangular 
and bears a wide terminal mouth. 
A little above the mouth are a pair 
of small apertures, the external 
nares. Further above and almost 
in the middle of head are two large 
eyes with vertical pupil. The eyes 
lack movable eye-lids but are per- 
manently covered by transparent 
mctitatmg membrane. Below and 
behind the eyes are prominent slit- 
Iike ear-openings. 

anH tJw Ck ‘ r ThC Deck is short 

Jith connects the head 

with the trunk. 

, 3 ‘ Tr «nk. The trunk is arched 
above but flat below. [ t has two 
regions : anterior thorax which is 
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hard ventrally and posterior abbomen which is soft ventrally. 
The trunk bears two pairs of short but stout, outwardly directed limbs 
on • the sides and a transverse slit, the cloacal aperture, at its junction 

with the tail. 

The fore-limbs arise from the sides of the anterior part of the 
thorax. They are shorter than the hind-limbs. A fore-limb consists of 
three segments : upper arm or brachium, fore-arm or antebrachium and 
hand or manus. The hand further consists of the wrist or carpus, the 
palm or metacarpus and five fingers or digits, each armed with a sharp, 

curved, horny claw. 

The hind-limbs arise from the sides of the posterior part of the abdo- 
mp-n Thpv are larser than the fore-limbs. A hind-limb also has three 
segment thlgb or 'femur? "hank or leg and foot or pcs. The foot further 
shows "hree regions : ankle or tarsus instep or metatarsus and five toes 
or digits, all bearing sharp, curved, horny claws. 

Thl pad coiwf.ls of two tow, ?f VS “d 

provide adhesion by y acu um pri >P • tQ create vacuum under- 
surface to drive out air and then pa y hair-like outgrowths 

neath. The lamellae are further of tuT f a L 

3as<5fsr-sss. n »ia of .few d»«..d P-. 

• U a~a it ^ fhick and flat at the base but 
taper U ^ hrit't.e a, Us base and is rep.aced, 

if lost. The new tail lacks ver ebrae^ ^ ^ ^ pois 

Economic Importance. g j t happens to cross. Actually, 

ftls rr?ecTrharmles P s? 1S “ beneficial, as it keeps a steady check on 

harmful insects. , 

Flying Dragon. The '^'^^“^"boTy'whose sldwextend outwards 
Malayan, countries. It The latter are supported by 5 or 

as a pair of large w ' n § 1,k ® 1 like a fan. The tail is very long and 

6 elongated ribs and can bc The throat bears three pointed appendages. 
The^wingf” are* used for taking long leaps from one tree to another 

Chatnaeleon (Fig. 36.22) The ^“^^boreanlzard well-known for 
Ceylon, Africa and Arabia. . a casqU e and lacks tympanum and 

changing colours. I« The right and left eyes are 

tympanic cayty. y th animal seems to squint. The * 

ssir war H£ 

form grasping organs. I 
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It is not brittle and is not renewed, if lost. The eggs are laid in the 
ground. 



Fig. 36.21. The flying dragon (Draco) Fig. 36.22. Chamaeleon ( Chamaeleon ) 

Snakes. The snakes crawl gracefully on a rough surface, acquiring 
grip by pressing ribs against the surface. They are helpless on a smooth 
surface like glass plate and polished floor. The snakes live in burrows 
of other animals as they themselves are usually unable to dig burrows. 
They usually do not attack man unless molested. They are mainly 

| 4 . . rt | f consists of various types of 

vertebrates like fishes, frogs, lizards, other snakes, small birds and mam- 
mals. The prey is swallowed entire. 

The majority of snakes are non-poisonous. The common poisonous 
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snakes found in India are : cobra krait, viper and sea-snakes. The rat 
snake, python and boa are examples of non-poisonous snakes. 


EONGUE 

NARIS 


HEAD 


HOOD NECK 


MARK ON 
THE HOOD 


EYE POISON GLANk 



FANG 



TA'L — 


Fig. 36.24. The cobra ( Naia) 


i 

tongub 


tr- Head of a poisonous 

Sfke^owinghhe location of po.son 

fang and PO, son B ane found jn , ndia> Pakistan. Ceylon 

Rat Snake or Dhaman J ws to 210 cm. It has an elongated 
Baluchistan and Afgamstan. 8 covere d with large shields. Its trunk 
head, distinct from the and backbone and is covered wtth smooth 

shows a promment ridge ofthe^ has tw0 ro ws of scales on ds under 

scales. The tail •* *1 . a j s m ice and squirrels. 

surface. The snake feeds on rats, found in Sou th Asia 

... ssk j-JHar., £?■ • - 
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and in the evening. It is not vicious by nature and attacks only in 
self-defence. Animals like peacocks, mongoose and pigs are its 
enemies. 



Fig. 36 25 A. Viper (l ipera) 

Vipers. The vipers (Fig. 36.25 A) are confined to old world (Asia, 
Europe and Africa). They have a broad flat head usually covered with 
small scales, a narrow neck, a heavy trunk with broad plates on the 



I ig. 36.25 B. Krait ( Bttngarus) 
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belly and a short tail with two rows of scales on the underside. They 
lie in wait for the prey, strike it, wait for it to die, track it down and 
then swallow. They are viviparous. 

Kraits. The kraits (Fig. 36.25 B) occur in South-Eastern Asia. 
They possess large shields on the bead, broad plates on the belly, a 
median row of large scales on the back and a cylindrical tail with a 
single row of scales on the underside. 

Sea-snake (Fig. 36.26). The sea-snake is found in the Indian and 
Pacific Oceans. It varies in length from 90 to 240 centimetres. The 



Fig. 36.26. Sea-snake 



Fig. 36.27. Turtle 
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head and neck are very slender and the trunk becomes thicker posterior- 
ly. The tail is laterally compressed to form a swimming organ. Some- 
times the body may also be similarly compressed. The nostrils are 
situated on the top of the head. The scales covering the body are 
almost similar all over. The snake feeds on fishes and is viviparous. 

Order (//) Chelonia. It includes the tortoises and turtles. They possess 
a short and wide trunk which is enclosed in a bony case consisting of 
two parts : the dorsal arched carapace and the ventral flat plastron. The 
head, limbs and tail can also be withdrawn into this case at the time of 
danger. The bony case is usually covered by an exoskeleton of epider- 
mal horny plates which form the popular ‘tortoise shell ’ The jaws are 
without teeth and covered by horny sheaths. There is no sternum. The 
tongue is attached to the floor of the buccal cavity and is not protru- 
sible. The cloacal aperture is a longitudinal slit. 

TABLE 22. 

Differences between Tortoises and Turtles 


Tortoises 


Turtles 


1. Live on land and in fresh 
water. 

2. Limbs have distinct digidts, 
the majority (4 or 5) of which 
bear claws. 

3. Carapace is oval and 
highly domed. 

4. Head can be completely 
withdrawn under the carapace. 

5. Hibernate in winter and 
aestivate in dry summer periods. 

6. Some tortoises are edible 
and are called terraipns 


1. Live mainly in the sea, are 
helpless on land. 

2. Limbs modified into paddles 
for swimming, digits indistinct 
and only two bear claws. 

3. Carapace is heart-shaped 
and not very high, being stream- 
lined for aquatic life. 

4. Head can be only partially 
withdrawn under the carapace. 

5. Do not hibernate or aesti- 
vate due to uniformity of weather 
conditions in the sea. 

6. Eggs of turtles are edible. 


Order (iii) Croeodilia. It includes the crocodile, alligators and 
gavials. They are large-sized lizard-like, fresh-water reptiles. The skin is 
covered by epidermal scales, below which there are dermal bony plates 
either only on the dorsal side or on both the dorsal and ventral sides. 
The tail is very large and laterally compressed to assist in swimming 
The limbs are comparatively short. Digits of the hind-limbs are webbed’. 
External nares can be closed with valves when under water. Cloacal 

aperture is longitudinal slit. The copulatorv organ is present in 
the males. 


The crocodiles differ from typical reptiles and approach mammals 
in certain features. The teeth are lodged in sockets. The maxillae 
palatines and pterygoids of two sides are united in the middle to 
torm a hard palate. The internal nares have, consequently, shifted 
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backwards. The heart is four-chambered. A muscular diaphragm 
partially separates the thoracic and abdominal ca\ities. 


Fig. 36.28. Tortoise ( Testudo) 

Indian Crocodile or Mugger (Fig. 36.29). The Indian crocodile 
(Crocodilus palustris) is perhaps the largest living reptile and measures 
about 360 centimetres. It is found in the rivers, tanks and marshes of 
India Pakistan, Burma, Ceylon, Baluchistan and Malay Islands In 
summer, when the tanks and marshes dry up. it wanders about on land 
in search of water. If unable to find water, it aestivates or sleeps in the 



Fig- 36.29. Crocodile (Crocodilus palustris) 

the rains. It is well adapted for aquatic life, 
nud com f h , gers broadly webbed outer toes, and laterally- 
Slightly web belD 8 jn ’swimming. It can close the nares and ear 

impressed tail be P in^sw. m watef> It has a va , ve in the 

jpenings wit P i( to feed j n water without filling the lungs. 

aharynx for enabling 11 f ,° n seen baskin g on the sandy banks. It is 

during the da y (lr “ e > ,t . d creature and quickly hides itself on the sight 
;fma V n. rOU The eggs are “a W in the sand" and are looked after by the 

female. CLASS 5. AVES 


.. a warm-blooded vertebrates adapted for llight in 

Th e bl l£ s . i«; steamlined to ofler minimum resistance to 

wind air 'ThI h skin ^almost dry and is covered with an epidermal 
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exoskeleton of feathers all over and of scales on the legs and 
feet. The feathers serve as an insulating layer to conserve body heat. 
There are two pairs of pentadactyle limbs of which the fore-ones are 
modified into wings for flight and the hind ones to support the body on 
land. The birds are, thus, bipeds. The digits of the hind-limbs bear 
claws. The bones contain air spaces which reduce the body weight. There 
is a well-developed sternum generally with a keel for the attachment of 
powerful wing muscles. A special system of air-sacs, connected with the 
lungs and extending into flight muscles and certain bones, is developed 
to help in respiration during flight and to regulate body temperature 
in the absence of sweat glands. The respiration is purely pulmonary. 
The skull bears a single occipital condyle. The upper and lower jaws 
form a beak which lacks teeth and is covered with horny sheath. 
The heart is four-chambered having two auricles and two ventricles. 
There is a single aortic arch which curves to the right side. An external 
car comprising a short meatus is always present. There is a common 
outlet for the digestive and urinogenita! systems. A chamber called 
the syrinx is developed at the point of bifurcation of the trachea into 
bronchi for the production of sound. The females have a single ovary. 
The males usually lack copulatory organs. Copluation occur by mere 
cloacal apposition. There is no urinary bladder. All birds are oviparous. 
They lay large eggs with much food and limy shell. 

The birds are well-known among the vertebrates for their sexual 
dimorphism, seasonal migrations, art of nest building, affection for the 
male, melodious songs and parental care. 

Pigeon (Fig. 36.30) 

Habitat. The pigeon {Columba livid) is found in most of Europe 
and Asia resting at night and making nests on the projections of 
buildings, particularly the old ones. 


HEAD 



hig. 36.30. Pigeon ( Columba lixia) 
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Habits. The pigeon is a gregareous bird and feeds on grains, seeds 
and young green shoots. It is monogamous, i.e. one male lives in the 
company of a single female, and displays a brief courtship before 
copulation. Its nest is very crude. It is made of dry grass and twigs. 
Only two, rarelv one, eggs are laid by the female in spring or summer. 
The eggs are white in colour. They are incubated by both the parents. 
The period of incubation extends over fourteen to eighteen days. The 
young are fed by the mother on “pigeon’s milk” which is a creamy 
fluid secreted by her crop during the breeding season. The pigeon is 
not capable of rapid locomotion on land because of short leg i. It is 

attacked at night by cats and owls. 


External Characters. The body of the pigeon (Fig. 36 30) is about 
32 cm long It is streamlined to offer minimum resistance to wind 
a ■ flioh? It has a blue-grey colour with a beautiful blue-green 
d r, , S in he neck It is covered with feathers all over except the feet. 
The feathers be flat and overlap from front to rear to provide a smooth 
Jontour The body is divisible into four regions: head, neck, trunk and 

tail. 

. 1 The head is small and rounded. It is prolonged in front 

1. Head. The head is s n consists of upper and lower 

into a pointed beak. The b mou ,h is terminal and has a wide 

jaws covered with horny sheat • . beak At the base of the 

gape. It extends along the entire border of th^beak., ^ ^ 

beak, on the upper P , . ter ; or margin of the cere area 

is known as the cere. Close to the ^nter.o^m g^ sjde Qf (he 

pair of oblique slits, the exte provided with upper and 

head is a prominent c.rcu “Lveloofd semf-traisparent third eye-lid or 
lower eye-lids and a 7,‘t^tercan ^pilled across the eye-ball form 

nictitating membrane. The :1; alter each cye and covered with 

the anterior corner of th ye t the ear Q r auditory opening, ft 

'a a sho“ a tub r e : "he external auditory meatus, to the tympanic 

membrane. I, ea d with the trunk. It is long 

nd 2 mobilc Ck 'rtTs h a e imod vertical and slightly widens towards the trunk. 

3 . Trunk. The trunk i. boa» h-PJ* ^ *■« • ^~!i 

ridge, the keel or car.na. At its n, ^ is a commo n outlet for the 

faeces^unne 1 a nd ge n naTprod nets . The trunk bears two pairs of Umbs. 
(,)’ Fore-limbs. The fore-limbs amatdie -terim end of the Tun. 

They bear long feathers and ° r '® consid J ably when they are extended 
feathers increase their surf consists of three parts : upper arm or 

for flying. Each fore-limb or g and the hand or manus with three 

SSS5 'SS ® £ £S W* t M IK 

b ‘”"“ “ pp " ““ * 
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arm on the front or pre-axial side. A similar but smaller fold, the post- 
patagium, joins the proximal part of the upper arm with the trunk on 
the hind or post-axial side. 


( b ) Hind-limbs. The hind-limbs are at the posterior end of the 
trunk. They are not directed outwards as in the frog or lizard. They 
are almost vertical to balance the entire body on them. This gives bipedal 
gait to the bird. Each hind-limb consists of three parts : the thigh, the 
shank and the foot or pes with four toes or digits. The first digit or 
hallux is directed backwards while the others (2nd, 3rd and 4th) face 
forward. All the digits end in horny claws. The feet are covered with 
horny epidermal scales. Rest of the hind-limbs are clothed in feathers. 


4. Tail. The tail is very short and stumpy. It is known as the 
uropygium. It bears long tail feathers arranged in a semi-circle. On 
its upper surface is a small papilla which bears the opening of the oil or 
uropygial gland. The oil renders the feathers waterproof. 


«i ( Fl f s ‘ 36 .31 and 36.32). The feathers form exoskeleton of 

the birds. They develop from the outer part of the skin or epidermis. 
They do not cover the body uniformly. They are arranged in definite 
leather tracts, the pterylae, separated by featherless areas, the apteria. 
The spread of the feathers is, however, sufficient to cover the apteria 

50 £ at w th ? b ° dy S n ei ? S to be full y ^vered. The arrangement of feathers 
on the body is called pterylosis. The feathers are shed or moulted 
annually. This generally happens in late summer. 


, n Fbe r le ^thers are of several types, namely, quill feathers, coverts, 
contour feathers, filoplumes and down feathers. 


(/) Quills The quills are the large feathers found in the wings and 
the tail. A quil feather has a long stiff central axis called shaft or scapus 
or stem. Small proximal part of the stem is hollow, translucent and 
cylindrical. This is termed the calamus or quill. Long distal part of 
the stem is solid, opaque and ventrally grooved. This is called the 
rac ns. I he proximal end of the calamus has a small hole, the inferior 
umbilicus. At the junction of the calamus and the rachis is another 
minute aperture, the superior umbilicus. The rachis bears on either side 
a thin broad membrane, termed the vane or vexillum. The vane is 
composed of senes of slender parallel filaments, the barbs, which arise 
r fi 0 ? 9 ;J c r l c bls and extend outwards and upwards. Each barb (Fig. 
36. 3„) itself bears a fringe of small processes, the barbules, along either 

bar bice Is wh.Vh^ 1 - barbuIes of each barb hear minute hooklets or 
ad iaient barb Thi!! ifTl °£ thc proximal barbule s on the next 

sks* jbs surs x tMwwas 

KK5 XSSSB, PCJf “• ""««-■ r& 

he fore-arm and are called the secondaries 
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while 1 1 are fixed to the hand and are termed the primaries. The quill 
feathers of the tail are called the tail-quills or rectrices (singular rectrix;. 
There are 12 such feathers. They are arranged in a semicircle around 
the tail. 


Down feather 


SUPERIOR 

UMBILICUS 



barb 


RACHIS 

VEXIllUM 


AFTER SHAFT 



dARBULt 


HOOK lets 


CALAMUS 


BARBULE 


BARB 


3ARRULE 



— P A'. HIS 


GROOVE 


Hu 3 1 A part of rachis magnified 
,o 8 show barbs, barbules and hookies 


_ Filoplume 

_ INFERIOR * K 

, UMBILICUS 
Wing-quill 

Fig 36.31. r eather types 

(»> , C a °r d r fail - qmU f They 3 are H k e the qui»s ex^that they are 

smaller n size and have short feath ers that cover the body 

(Hi) Contours. The con They a)so resemble the quills. 

and give it its shape ’“strongly joined and can be separate . 
their barbs are not so strongly j 
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(/v) Filoplumes The filoplumes occur beneath the contour feathers. 
They are extremely small in size. Each filoplume consists of a slender 
hair-like stem bearing a few free barbs at the tip. The filoplumes are 
seen in a plucked bird only. 

(v) Down Feathers. The down feathers cover the newly hatched 
bird. Each consists of a short calamus and a short rachis bearing long 
flexible barbs. 

The first digit of the hand, i.e., the thumb or pollex, bears a tuft of 
small feathers. This is described as the bastard wing or ala spuria. 

The feathers serve three important functions Those forming the 
wings act as the organs of flight. The body feathers provide a light 
insulating covering to prevent the loss of heat. The tail feathers form 
the braking and steering device. 

Economic Importance. The pigeon forms an important laboratory 
animal, a nice pet and a good food. 

The class Aves is divided into two sub-classes : Archaeornithes and 
Neornithes. The sub class Archaeornithes includes the extinct birds 
like Archaeopteryx (Fig 39.10). The sub-class Neornithes includes 
the living birds. This is divided into three super-orders : Palaeo- 
gnathae or Ratitac, Impenaae and Neognathae or Carinatae. 

Super-order (/) Palaeognathae it includes the flightless birds. 
The wings are greatly reduced or absent. The sternum is without a 



tig. 36.33. The ostrich ( Strut hie ) 



Fig. 36.34. Tbe Penguin 
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keel There is rudimentary or no pygostyle or ploughshare bone at 
the end of the tail. The rectrices or tail feathers are absent or irregularly 
arranged. In the remaining feathers the barbs are free because there are 
no hooks on the barbules. The feathers are uniformly arranged in 
the adult so that there are no featherless spaces. There is usually 
no oil gland. The syrinx is absent. The male has a copulatory organ. 
The common flightless bird is Ostrich. 

Ostrich (Fig. 36.33.) The ostrich, s t rut his came lus , is found in the 
ustnen v i e . . . • [t js t | ie largest bird measuring about 240 

deserts of Africa and Arab a u is t b and 4 th) which 

centimetres in .'if^oad pads for r unnfn g o n sand. It is a gregarious bird 

ar a C t°r^l d in erouos of3 to 20. It practises polygamy. One male looks 
and travels in c p ,. . uv eees in the same nest. The nest consists 

aft , er 4 r‘°n t ?n m t a | e srId Thi' mate incuba.es the eggs at night and 
coders them with warm sand by day. The bird is omnivorous. 

Super- order (,7) In.pennae J 

which inhabit cold seas. T y djfied into flippers which are used 

life The fore-l'mbs o wing: > aro webbe d to further assist in swimm- 

like oars for swimming. beneath the skin to prevent the loss 

ing. There is * ^ cold water can be entirely shaken off the 

fe^s The penguins are unable to fly. They sit upright on land. 

They feed on fishes. „ includes the flying birds. 

Super-order (,7i) Neognat ( w , ings xiie sternum bears a median 

These birds have w c 1 ° rpl o u g h sdi a r e bone is formed by the fusion 

vertical keel. The Pyg° st . y vertebrae 8 The tail feathers or rectrices are 
of a few terminal caudal vertebrae » yfc a sem icircle In the 

present and are arranged hooks on the barbules. The body 

feathers the barbs are un ‘ t ^ y f eat her-tracts separated by featherless 
feathersare arranged .'n d.stmc featn^^ Thc eopulatory organ is 
spaces. The oil gland is usua iy 

lacking. . ,• jjjwi into five categories : perching 

The birds of this division ar^ bjrds alld aquatic birds. 

birds, birds ol prey, gai ’ the cr0 ws, sparrows, blue ja>s, 

1. Perching Birds. These inC ^ an j <j 0 \es They form more than halt 
parakeets, bulbuls, koels, ^ c usua iiy small in size but arc t c 
of the bird population. T ‘ y Their feet have tour toes an ‘ 

highly organised among the ^ ^ hallux is directed b -^waid ^ d 
adapted for grasping. T he ^ ^ at (he same level and r ^ th 
the others forwards. All trees roles, buildings, etc. ‘ , 

ground The birds perch ‘^oers Thdr eggs are often coloured, 

call notes and a few ar^good an / |(X)kcd after by the parents. 

The young birds ar^ (Orthotomus sutonus) is 

Tai.or.bird (Fig. .36.35). Ihe tailor . b.r g ( p f large green 

known for its artistic fibres. The bird punches holes al g 

leaves stitched together wm f 
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the edges of leaves with its bill and passes fibres through the holes, 
expertly drawing the leaves into a cup to hold the nest. 



Fig. 36.35. Tailor Bird ( Orthotomus sutorius) 



Fig. 36.36. Parakeet ( Psittacula ) 


Parakeet (Fig. 36.36). The parakeet or parrot ( Psittacula ) is found 
all over India, Pakistan, Ceylon and Burma. It has greenish plumage 







idat . ■ 


* *2- 3 '>.37, Owl (Tyto alba) 



Fig. 36.38. Kite (Milbus miagrans) 
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with or without a black and pink collar round the short neck. The beak 
is very short, sharp-edged and stout, and consists of an arched maxilla 
movably ariculated to the skull and truncated mandible. There are 
sharp curved claws on the toes, two of which are directed backwards 
and two forwards. The tail is long and pointed. The parakeet feeds on 

fruits and grains. 

2 Birds of Prey. These include the kites, vultures, eagles, hawks 
and owls. They are medium to large-sized birds They are ^ carnivorous 
and feed on small birds, mammals, frogs and lizards. They are we 
adapted for hunting. They have powerful wings keen eyesight^ a stout 

hooked beak, and strong toes armed with sh » r P ba T« t he eggs but 

i, e tnssssus. 

_ I /i— • 'ii\ Thp barn owl (Tyto alba ) is a nocturnal bird 

Owl (Fig. 36.3 )• . .. r. ^ as a large rounded head with a 

of prey common a lover India ^ * rolin d the flat face. The bird 

prominent ruff (collar) of st ft teal . has the keenest eyes in 

r, golden-buff above auc it' .ie, pl.S side by .Me «nd 
£.e"d"trS° m buTB .be day, due. .be pupil ,«> redueed ,o 


EYE 


TRl/NK 







"A 








fig. 36.39. Callle egret ( - Bub “ ,c “’ ) . 

mare dot and cannot see easi 
■mendously to enable the birds to 
clothed in y a soft fluffy plumage 
aht This enables it to reacn 
s strong legs, stout claws and 
«rine the prey which consists oi 
ie hard indigestive remains of the 


Fig. 36.40. Duck {Anas) 
ly. At night, the pupi! expands 
see in the darkest forest. The bird 

food ” -»uu»rf v “ 
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Kite (Fig. 36.38). The periah kite ( Milvus migrans) is a large, dirty- 
brown, diurnal bird of prey. It has powerful legs, stout claws and 
sharp, hooked upper beak. Its tail is forked. It possesses a very keen 
eye-sight and a great power of flight. It often snatches eatables from 
the hands of children in the houses. 


3. Game Birds. These include turkeys, fowls, quails, peacocks and 
partridges. They are large-sized birds except the quails As a rule, they 
are terrestrial but may rest or feed on the trees. They are poor fliers 
but good runners. They feed mainly on plant materials like tender 
shoots, seeds and fruits. Their feet are adapted for scratching and 
running. They yield palatable meat for which they are hunted. There 
is often a marked distinction between the two sexes, the males being 
more beautiful and larger. Many forms are polygamous. They make 
nests on the ground or small bushes. Many eggs are laid. The male 
birds take no part in nest building or caring for the young. The young 
at hatching have a covering of down feathers. 



1 ig. 36.41. F »wl (Gal Ins) 


h owl (Fig. 36.41). The fowl (GaJhis bankiva), the red jungle fowl, 
,s the origin of all the races of fowls. The fowl is essentially a terre- 
strial bird. It is gregarious in nature. It feeds on seeds, grains, tender 
shoots, etc. The male is larger and more beautifully coloured than the 
female. The male’s head is further decorated with a crown-like fold 
ot skin. There is a spur on each foot in the males. The female lays 
several eggs. The fowl is domesticated for meat and eggs. 


Ieafowl (Fig. 36.42). The pea fowl (Pavo cristatus) is a large 
game bird The peacock has a brilliantly blue coloured body with a 
crest of feathers on the head, stout curved upper beak, long neck, 
fighting spurs on the legs, strong feet bearing sharp claws and a long 

train of numerous, gorgeous, erectile, ocellated tail coverts (not tail- 

quills). It enjoys the status of a national bird in India. 
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The peahen is smaller and comparatively dull coloured. It lacks 
spurs and train of tail coverts. 



Fig. 36.42. Peacock ( Pavo cristatus) 

4. MW Bird. These Wj-MJ. “ '« 

They feed in water but live on the ‘ re ^ b 5 A| j t |, e se features help 

food consists of fishes and other 
aqtiatic anirnals. They are usually gregarious buds. > 

Cattle Egret (Fig. 36 39). The cattle egret ^ , on > 

inhabits marshy places. It has a P^^j* \J n in pastures along with 

grating caU.^^Movements of the cattle disturb the insects winch are 

located and captured by the e 8 re | s - swans, and water- 

5. Aquatic Birds. These > ncl “ d ® th = d e UC ^ d g fee d in water. They 

fowls. These birds are adapted to 1 d toes and sma ll tail for 

have a boat-shaped body, short ' e g s > d ■ prey from the mud. 

Ruck (Fig. 36.40). The duck (Anas) ^ we| , The to es are 
the Northern Hemisphere It ca beak is flat for digging prey 

fully webbed to aid does not dive but simply dips the head 

IT nerf deepen water that the body ^““nd "Tfeet ^paddle to 

h^'Th^lke is 

SSn h : are 6-,0 eggs m a dutch. 


*. > 

V v 
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CLASS 6. MAMMALIA 

The mammals are warm-blooded vertebrates primarily adapted 
for terrestrial life. The skin is covered with an epidermal exoskeleton of 
hair to conserve body heat. There are numerous glands in the skin, 
sebaceous and sweat glands in both the sexes and mammary glands in 
the famales. Mostly they are quadrupeds, having two pairs of pentadactyle 
limbs which are variously modified for walking, running, burrowing, 
climbing, swimming and flying. The digits end in claws, hoofs or 
nails. The skull bears two occipital condyles and has fewer bones. Each 
half of the lower jaw consists of a single bone, the dentary. The teeth 
are embedded in sockets of the jaw bones and are usually of various 
types : incisors, canines, premolars and molars. There are always seven 
cervical vertebrae irrespective of the size of the neck. The pectoral 
girdle is typically without a coracoid. There is a complete muscular 
partition, the diaphragm, between the thorax and abdomen. The cloaca 
is usually absent and there are separate outlets for the digestive and 
urinogenital systems. Several salivary glands open into the buccal cavity. 
The heart is four-chambered with two auricles and two ventricles. There 
is a single aortic arch which curves to the left side. The red blood 
corpuscles are rounded, biconcave and denucleated. The respiration is 
purely by lungs. The external ear has a meatus and pinna. The middle 
ear has three ossicles : malleus, incus and stapes. The brain is character- 
ised by a large cerebrum, complicated cerebellum, four optic lobes and 
presence of corpus callosum connecting the two halves of the cerebrum. 
The males have copulatory organs. The testes usually descend into the 
scrotal sacs in the adult. The mammals are, as a rule, viviparous. The 
eggs are very small and without food. Fertilization is internal. There is 
intra-uterine development of the embryo accompanied by the formation 
of placenta for the metabolic exchange between the embryo and the 
mother. The young are nourished on milk for some time after birth and 
are brought up with a great care and love. 

The class Mammalia is divided into two subclasses : Prototheria 
and Theria. 

Sub-class 1. Prototheria (Monotremata). This sub-class includes 
the primitive mammals which lay large eggs with abundant yolk and 
hard shell. Ear lacks pinna. The mouth has horny beak. There is a 
common outlet, the cloacal aperture, for the digestive and urinogenital 
systems. Mammary glands are without teats or nipples. The pectoral 
girdle has a large coracoid. The platypus and spiny ant-eater are the 
examples. 

Platypus (Fig. 36.43). The platypus ( Oni ithorhyn ch us) is found in 
the rivers and lakes of Australia and Tasmania, making nests or holes in 
thw banks for resting. It is covered with a dense, dark-brown, woolly fur. 
The head is prolonged into a duck-like beak, lacks pinnae and bears 
small eyes and ear holes which can be closed simultaneously between 
two movable folds of skin. The limbs are short but have prominent 
hands and feet. There are on each limb five digits, all clawed and 
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lk j The males have spurs on the inner side of the ankles. The 
webbed. . f ooi s 0n glands whose secretion can kill small 

spurs bear n °P enin ^ 0 e hitense pain to man. The platypus feeds on 
animals and can cau e uit^ p a ir , ives in one burrow, but, for 

worms, insects and shellnsn. c Pn arate burrow where the males are 

laying incubated by the mother alone There are 

no S The young fuck from the fur which gets moistened from the 

8 ' a s d pin, Ant-eater (Fig. 36.44). T*,e *j|iny 

S'SeSoK- Some hair on the hack are modified 




• — - - , i \ Fie 16.44. Spiny ant-eater ( Tachygtossus ) 

43 Platypus 0 Ornithorhyncus ) Tig. 

F,g 3 * . T . sm all head tapers into a hard naked 

into short but sharp SP'™*'™*} ^minal mouth. The tongue is long, 
beak which has a smal T° v p^trusible. The limbs are short but stout 

cylindrical, sticky and h'gh y P There is no tail. 

and bear strong c as nr . cturna l in habit. Its mode of feeding 

The spiny ant-eater is nocturnal The sticky tongue 

and defence are very 7/ ere f '“^Jen torn open with claws. The ants 

f s thrust into ant-hill a ^? r h ,t . h : he n withdrawn to swallow the food. On 
'adhere to the tongue which 'g ' burrow in the ground using a» 

K“f„r iisr-ji »• *-** * 

burr0W ' . . mitive pouch which she develops in the 

The female lays eggs m afri t (he pouch and live there _ till 

breeding season. The you "8 b mother. They are then deposited in 
their spines start irritating t e m° beC ome strong enough to look 

kxm . ™ T “'; 

S5 s ' SsftSS 

^e^s^ib-class'Theria^'fdWided'into'twfinfra-classes : Metather.a and 

Eutheria. _,- 18si \ T t includes the Kangaroos. 

•" d •" b0,Q VOT 

The young nave a 
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imperfect condition. After birth they are nursed by the mother in a 
special pouch, the marsupium, present on the underside of the abdomen. 
The anus and urinogenital apertures are separate but are controlled by 
a common sphincter muscle. 

Kangaroo (Fig. 36 45). The kaDgaroo ( Macropus ) inhabits Australia 
and Tasmania. It has a small head, a large body and a lon<* tail. Its 
hind-limbs are much longer and more powerful than the fore-limbs It 
walks on all the fours but runs on the hind limbs alone, balancing the 
body on the tail. The animal is herbivorous and gregarious. The young 
one is very helpless, blind, naked and only an inch long. The mother 
rears it in the marsupium where milk is forced into its mouth by the 

suck[ng tl0n Certain muscles °f b er belly as it is itself incapable of 

Infra-class. ? Eutheria (Placentalia). It includes the typical 
mammals. The young have a prolonged intra-uterine development 
during which they are nourished by a tiue placenta. With the result 

the young are fairy well-developed at birth The anus and the urino- 
genital aperture are quite distinct. 

The intra -class Eutheria includes a number of orders of which the 
more common ones are : Insectivora. Primates, Chiroptera, Rodentia 

Artiodaciyla.’ CetaCea ’ Camivora . Proboscidea, J>erissodacty!a, and 



36.45. K'ingaroo ( Macrcpus ) 



Fig. 36.46. Hedge-hog ( He mi echinus ) 


Th °" d .l r (/l 1 ! nsectiv, "' a - r f includes the hedge-hogs, moles and shrews 
, y ‘‘re small mammals which feed on injects and worms They have 

m?ddn e hir Ut Tf fiVe ; ClaWed ^ °" each foot, numerous teau and 
with spfnes ,s USUally C0Vered with soft fur but sometimes 

Hedge-hog (Fig. 36.46). The hedge-hog ( Hemiechinu y) i« p email 
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Order (ii) Primates. It includes the most intelligent animals like the 

lemurs loris monkeys, apes and man. They have large, high y-convolu- 

ted cerebral hemispheres which incompletely or almost completely cover 

the cerebellum. Correlated with the greater development of the brain, 

he cranium is large and rounded with the foramen magnum on the lower 

Thev are plantigrade and have long limbs, each bearing five digits 

s ^ f nails The first digit of each limb (pollexand hallux) can 

protected by di its to make the hands and feet 

be broug t pp associated with the arboreal life to which most 

grasping organs. Th - * ° are directed forwards to give 

of the primates are scc y the same object but fiom slightly 

binocular vision, /• .e., both > tQ the images and enable the 

different angles w h ic P correctly. The females have a single pair of 
animal to judge distati . thorax Usually a single young one is 

teats which are ocatedj * ^horax.^ ^ care and affection 

From U t e he mother' The primates are omnivorous and gregarius. 

Lemurs (Fig. 36.47). ™ e incompletely 

an elongated cranium, l J orb i ts and claws on the second toes, 

overlapped cerebellum, partially n y jke fac£ They usually have a 

^ tail which is'norprehensile. They are solitary and lead an arboreal 



Flg . 36 47. Lemur (SycUcebus) 


. -i f n rests They are either 
life in the 'rop 1 leaves', eggs and small 
feed on fru "*- frica ard South-eastern A 

Madagascar. A lndian , emur . 
bengalensis The , orjs ( Lor j s ) is 

. , L ° riS slow-moving', nocturnal primate 
tailless, 


Fig. 3f*.48. Monkey ( Macaca ) 

crepuscular or nocturnal and 
animals. They are found in 
sia to Philippines. Nyeticebus 

a small (about 8 inch long) 
with a short, dense, soft tur, 
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large eyes and thin rounded ears. It is omnivorous, feeding on fruits, 
leaves, insects, eggs and birds. It is found in South India. 



Fig. 36.49. Slow Loris (Loris) 

Monkeys (Fig. 36.48). The monkeys have a tail and walk on all 
fours. They fall under two groups : the old world monkey and new world 
monkeys. Their differences are tabulated below : 


TABLE 23 


2 . 

3. 


4. 

5. 

6 . 


7. 

8 . 


Old World Monkeys 


New World Monkeys 


1. Found in Asia and Africa. 


Have cheek pouches. 

Possess a raised nose and a 
narrow internasal septum. 
Nostrils face downwards. 

Tail is not pre-hensile. 

Have thick coloured pads, the 
ischial callosities, on the butt- 
ocks. They sit on these pads. 
Have two premolars. 

Have bony external auditory 
meatus. 

Example : Macaca mulatta- 
the rhesus or red faced monkey 
of North India. 


1. Found in Central and South 
America. 

2. Lack cheek pouches. 

3. Possess a flat nose and a 
broad internasal septum. 

4. Nostrils face forwards. 

5. Tail is preh-ensile. 

6. Lack ischial callosities. 


7. Have three premolars. 

8. Lack bony external auditory 
meatus. 

Example : A teles — the spider 
monkey. 


.^P es - ^-36.50 and 36.51). The apes are the most man-like 
pi imates and include gibbons, orang-utans, chimpanzees and gorillas. 

JniSlv Ck ta xi and cheek P° uch es. Mostly they are also without ischial 

ous Thlv 7 hey are , ch, . cfl y arboreal, diurnal, gregarious and omnivor- 
ous. They have a loud voice and use it very often. They possess a 
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very characteristic mode of walking. The fore-limbs are considerably 
longer than the hind-limbs and both are adapted more for grasping than 
for walking. They walk on the outer edges of the feet and knuckles of 
the hands. This gives them a semi-erect, shuffling, bow-legged gait. 

The "ibbons are found in the central Himalayas, Burma, Indo-China, 
Java Malaya, etc. They walk fully erect and have ischial callosities. 
The’ orangutans inhabit Borneo and Sumatra. The chimpanzees 
(Fie 36 50) are found in Africa. They have large ears and lips. There 
f a oromineiU ridge on the eyes. The chin is quite clear. The gorillas 
tFig P 36 51) live in Africa. Their ears and lips are small. There is 
a prominent ridge on the eyes. The chin is absent. 


IP IT 

^ .tV V ’ |||l fr f ' /' i • 

ki "i\4 Sr, a' « 

*f -V-.vVy^f t*- i'w 

J ffl \\ v v > ■ ' M I (• ' i 'i ! 'i t 

w .mi ■ J 
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§ . h\ \r 

{ ^ yd-'' 





Fig. 36.51. Gorilla {Gorilla) 


Fig . 36.50. Chimpanzee (Am **'«*«> 

M „ The »» 

mate a He has don.matcd all hfc with ^ w , w usua l y 

si s .o*.'s e s S te 5t*sf 1 assist si’SWsw 

S,^eifs^s^w ars-s Hi 

hcd. \ t ’“ h S form ■ ,f “E™, E'h J, UW 

» H Ah*: o, „o„d ...» 

■; d m pS » »«“ r “ ber p,an '“- 
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Order (///) Chiroptera. ft includes the bats. They are the only 
mammals with true flight and this is mainly responsible for their world- 
wide distribution. Their organs of flight are the lateral extension of 
the skin, the patagia, supported by the fore-limbs and their greatly 
elongated digits except the first. The patagia may include the hind- 
limbs and tail also in them. The hind-limbs are relatively short and 
weak with the knees turned backwards like the elbows. This makes the 
bats helpless on the ground. All the five digits of the hind-limb and 



i'ig- 36.52. Flying fox or large bat 


Fig. 36.53. Small bat 


the first or first two digits of the fore-limb bear claws. All the bones are 
slender to reduce the body weight. The senses of touch and hearing 
are remarkably developed. Though the bats have eyes and see well 
they guide themselves during flight by the principle of radar They 
produce supersonic sounds which are thrown back from the objects in 
the way and are perceived by the ears. The penis contains a bone in 
it. Usually theie are only two mammae which lie on the throax. They 
produce only one or sometimes tuo young ones at birth. They are 
nocturnal animals They spend the day hanging head downwards 
from the various objects by the claws of one or both the feet. 

The bats are of two types : small bats and large bats or flying foxes 
1 heir differences are tabulated below — b 
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TABLE 24 


Small Bats 


Large Bats 



1 . Feed on insects. 


2. Bear a claw only on the first 
digit of the fore-limb. 

3. Have a tail. 

4. Possess a short snout. 

5. External nares may be surro- 
unded by peculiar leaf-like 
appendages, the nose leaves. 

6. Pinna has small lobes, the 
earlets, inside it. 

7. Interfemoral membrane is very 
large aod includes tail. 

8. Inhabit houses in both the 
hemispheres. 

Scotophilus of 


2. Bear claws on the first two 
digits of the fore-limb. 

3. Lack a tail. 

4. Possess an elongated fom-like 
snout. 

5. External nares are without 
nose leaves. 


6. Pinna is without ear lets. 

7. Inter femoral membrane is 
very narrow. 

8. Inhabit trees in deserted 
areas in the old world. 

Expamle : Pteropus of India. 


Example : 

— Ind — , ~~ — r, includes the rats, mice, squirrels, porcupines. 

Order (/»') Roden ‘ , “ s ^hey are small animals typically herbivorous 
beavers and Guinea p gs- l y characte ristic manner. They have a 
in diet. They gnaw theii ^ tooa , ^ The canme teeth ar e 

pair of sharp chlsel :^hkss space, the diastema, between the incisors 
absent. There is a too^hless spa ^ Thc skin is covered with fine 
and premolars. The digits , ti ade or semiplantigrade. The 

fur. The mode of .P r ° gr o e r S inguinal. They are prolific breeders and 
testes are abdominal tjme They have numerous mammae. 

Cy U are S found all over the world. 

Rat (Fig. 36.46). The house rat 

domestic pest. It is "^“^Lures abo^ 18 cm. from' snout to anus, 
and dark -ashy below. It ring an d covered by epidermal scales. 

The tail is about 20 cm. long. to) is only 8 cm long from 

Mouse. The house ntouse Body is dusky reddish-brown 

snout to anus and its tan is 

above and paler below. rab bits (Rg 36 . 54) and hares 

«*.(') p.i.. ofl«l» n in to The 
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Differences between Rabbit and Hare. 


ZOOLOGY 



The Rabbit I The Hare 

I 



Fig. 36.54. Rabbit ( Oryctolagus ) 


1. It is a fossorial animal living in a 
permanent home which is a burrow 
ol' its own excavation in the ground 

2. The pinna of the ear is compara- 
tively short and is without a black 
tip 

3. The hind-limbs are also shorter. 

4. In the fore-limb the radius is shor- 
ter than the humerus and the claws 
are very stout for digging. 

5. It is gregarious in nature. 

6. The young are weak, naked and 
blind at birth. 

7. It is a goad runner but can run 
swiftly only for a short distance 
For this reason it never ventures 
far from its burrow. 

The danger signal is a sound pro- 
duced by thumping the ground with 
the hind-limbs. 

9. The anterior incisors of the upper 
jaw are marked by a vertical groove 
on the outer surface. 

10. The skull has a distinct interparietal 
bone. 

11. It forms a goad domestic pet. 

12. It usually feeds at dusk and dawn — 

crepuscular 




Fig. 36.55. Hare (Lcpus) 


1. It is a nomad staying temporarily 
at some sheltered spot behind a 
stone or under a bush. 

2. The pinna is longer and has a black 
tip. 

3. The hind-limbs art longer. 

4. In the fore-limb the radius is 
longer than the humerus and the 
claws are not so strong as in the 
rabbit. 

5. It is solitary in nature. 

6. The young are quite strong, 
have fur and open eyes at birth. 

7. It is also a good runner and can 
keep up a great speed for a long 
distance 

8. The danger singal is a sound pro- 
duced by grinding the incisors 
against one another. 

9. There is no such groove. 

• 

10. The interparietal is fused with the 
supraoccipital in the skull. 

11. It does not thrive in captivity. 

12. It usually feeds at night — nocturnal. 


Order ( 17 ) Cetacea. It includes the whales, dolphins and porpoises. 
These are the most highly modified mammals. They are medium to very 
large-sized animals wonderfully adapted for aquatic life. The body is 
fish-like in appearance. It is covered with a smooth skin which lacks 
hair except a few near the mouth. There arc no sweat and oil glands. 
There is a thick layer of fat, the blubber, beneath the skin to prevent 
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ths I.» of My 

pinna and has a minute opening. The 
eyes are very small, without 

membrane and lie near ‘he angles of the 
mouth. The external nares, oneortwcu 
are placed far back on the top ■ of he 
head The teeth, if present, are all alike 
and lack enamel. The bones are sp°ngy 
The females have only two mammae and 
nroduce a single or at the mo t 
young ones at a time. The cetaceans are 

carnivorous and mostly gregarious. They 
are found all over the world. 

The whales (Fig. 36.56.) strong 

and fast-swimmcrs^They can d^ ^ 

ru,’ U Sr from .K. J J «» 

a w, r kTy&jsi- 

siifo, T stsrs.sr» iS .... 

sLs i S3 mjfe&sssaXiiz 

D stranded on l he sht J r groins whiclt are consequently crushed. The 

SSTSSSSttZ - ^ wolv „, fores, 

J*£2SL SSB^Vfira 2»» 

cat . s ,’ Unfa and ferocious animals. 1 h ^’ n ; vorous or even herbivorous. 

as s 

into small morsels to be s.va 

are abdominal. „ b .orders : Fissipedia and Pinnipedia. 

The order Carnivora has s af e terrestrial carnivores. 

Sub- order (0 

Jw% d nf.he a h%^o.ar mthe 1-erjaw bite on ^ the carnassial 
SS* -e found all over the world. 


Fig. 36.56. Whale 
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Cats, Lions (Fig. 36.57), Tigers, Leopards. The cats, lions, tigers 
and leopards ( Felise or Panthera) walk on the toes (digitigrade) and have 
retractile claws. They stalk their prey and then jump on them with a 
sudden fast run. They are unable to cover long distance at a high speed. 
The body is striped in the tigers and spotted in the leopards. It is 
neither striped nor spotted in the lions. 



Hg. 36.57. Lion ( Felis leo) 

Dogs, Wolves (Fig 36.58). Jackals. The dogs, wolves and jackals 
(Can is) are also digitigrade but have non-retractile claws. They run 
their prey down in a long chase. 


Bears. The bears (Ursus) possess a thick clumsy body with rudiment- 
ary tail and coarse hair of black or brown colour. The bears walk on the 
soles ol the feet (plantigrade) and have non-retractile claws. Their gait is 
awkward. They are omnivorous in diet. 

Mongoose. The mongoose (Her pest es) has dog-like, non-retractile 

claws^. It can erect its fur when excited and can kill a snake It feeds on 
rats, frogs and snakes. 


Thp^?’° rd f r t / 7) Pinnipedia. The pinnipedia are aquatic carnivores. 
They have fusiform body, reduced or no external ear, paddle-like limbs 
and a short tail. The digits are enclosed in the web. The Pinnipedia ™re 
gregarious animals. They feed on fish, molluscs and crustaceans. They 
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breed on land. They inhabit the coastal seas of Temperate and Arctic 
regions. The common examples of the sub-oider are : seals (Fig. 36.5 ), 

walruses and sea-lions. 

Order (viii) Froboscidea. It includes the elephants (Fig. 36 60) which 
are the largest terrestrial animals. They are characterised by a large head 
l small eves broad fan-like ears, huge trunk, thick pillar-like 

leg°s and a' small tad. The snout and the upper lip are prolonged into 



P 16 58 . Wolf ( Canis lupus) 

, .hn.cis or trunk. The proboscis contains 
a long muscular P r ^ hensI ^ Tares at its lower free tip. The probo- 
nasal passages and bears j n t 0 the mouth. It also serves to 

scis serves to gather an p then emtipied into the mouth. 

¥S E" “i s~*£ssfz 



Fig . 36 . 59 . Seal canines and premolars. 

X3 V R he hX :re Cl0 p S e e ntadacTyle e bu't short and stout digits are 
U §2 
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embedded ia a common integument so that they are not distinct extern- 
ally. Each digit ends in a small nail- 
like hoof. There is a large elastic 
cushion beneath the digits. The mode 
of progression is digitigrade, the 
cushions supporting the weight of the 
body. The gait of the elephant is pecu- 
liar and proverbial as the limbs do 
not bend at the elbows and knees 
during walking. The females have a 
single pair of mammae which are on the 
thorax. The elephants inhabit forests 
. and tall grasses in India and Africa. 
They are herbivorous in diet and 
gregarious in habit, roaming about in 
herds of 10 to 100. In spite of their 
huge size, the elephants can be easily 
caught and tamed for use as beasts of 

Pig. 36.60. Indian elephant burden. 

( Elephas indicus) 



TABLE 26 


Indian Elephant 

i 

African Elephant 

1. Body 3 metres high. 

: l. 

Body 3*45 metres high. 

2. Tusks 3*3 metres long and 
occur in both the sexes. 

' 2. 

Tusks 2*7 metres long and 
occur only in the males. 

3. Pinnae comparatively short. 

3. 

Pinnae very large, cover 
shoulders. 

4. Back is arched. 

4. 

Back is depressed. 


Order (/.v) Perissodactyla. It includes the horses, asses, zebras, 
rhinoceroses, tapirs, etc. These are terrestrial and herbivorous 
mammals. They have long limbs adapted for swift running. They have 
odd number of digits. The main axis of the limb that divides it into 
two halves, passes through the third digit which is larger than the 
others. The digits aie enclosed in cornified hoofs. The mode of progr- 
ession is unguligrade, i.c. the animal walks on the tips of the digits with 
the heels raised from the ground. Consequently, there are three segments 

m the limb instead of two as in other vertebrates. There are no horns 
on the head. 


Rhinoceros (Fig. 36.61). The rhinoceros ( Rhinoceros unicornis) is 
found in boutb Eastern As, a and Africa. It is nocturnal and herbivorous, 
t is a large, heavy animal with comparatively short legs. Each leg 
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bears three toes furnished with 
head bears one or two horns along 
the middle line of the anterior end. 
The horns grow from the skin and 
have no connection with the bones 
of the skull. The skin is very thick, 
naked or sparsely hairy, and is 
often deeply folded on certain 
parts of the body. The tail is thin 
and moderately long. The rhino- 
ceros normally avoids man but if 
brought to bay proves very fierce 


broad hoofs. The large elongated 



Fig. 36 61. Indian Rhinoceros 
( Rinoceros unicornis) 


and dangerous. 

Horses, Asses, Zebras. 


The horses, asses and zebras ( Equus ) have a 



Fig. 36.62. Horse (Equus cabalus) 



Fig. 36.63. Ass (Equus asinus ) 
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single functional digit (the third) which is enclosed io a solid hoof. 
The second and fourth digits are reduced to splint bones while the first 
and fifth digits have altogether disappeared. 

TABLE 27 


Horse 

Ass 


( Equus Cabal us) 


( Equus a sinus) 

1 . 

Have a larger body, smaller 

1 . 

Have smaller body, larger 


head, shorter ears and 


head, longer ears and narrow- 


broader hoofs. 


er hoofs. 

2. 

Mane long and pendant. 

2. 

Mane short and erect. 

3. 

Tail is completely covered 

3. 

Tail bears hair only on the 


with hair. 


lower part. 

4. 

Have bare callosities on all 

4. 

Have bare callosities on the 


the four limbs. 


fore-limbs only. 

5. 

Have no streaks or stripes. 

1 5. 

Have a dark streak on the 




back and sometimes acros 




the shoulders also. 

6. 

Do not occur in wild state. 

6. 

Occur in wild state also. 


Zebra (Fig 36.64). The zebra resembles the ass in all respects 
except that its body is fully striped. 

Order (.v) Artiodactyla. It includes the cattle, sheep, goats, deer, 
antelopes, camels, giraffes, pigs, hippopotami, etc. All these are terrest- 
rial and herbivorous mammals. They have long limbs adapted for fast- 
running. Each limb has only two functional digits, the third and the 



F : e. 36.64. Zebra (Em///.?) 



Fig. 36.65. Hippopotamus 
( Hippopotamus ) 
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fourth, both equally developed. The main axis of the limb, that 
divides it into two halves, passes between the two functional digits. 
Each digit is enclosed in a cornified hoof. The mode of progression is 
unguligrade. Maoy forms possess horns or antlers on the head. 

This order has two groups : non-ruminants and ruminants. 

(j\ Non ruminants. The non-ruminants have a relatively simple 
stomach and do not chew the cud. The examples are hippopotamus 


and pig. 

Hippopotamus (Fig. 36.65). The hippopotamus ( Hippopotamus ) 
inhabits most of the rivers and lakes of Africa. Next to elephant, it is 
the bulkiest of all the terrestrial mammals It has a long, deep, barrel- 
shaped body covered with thick warty, almost naked skin. The head 
is enormous in size and has a transversely expanded bristly snout The 
neck is extremely short but very powerful to support the huge head. The 
short 'tail is laterally compressed. The legs are very small, each bearing 
^ partially webbed digits. The animal is nocturnal, herb.vorous and 

gregarious. ... , 

Ruminants. The ruminants have a comp heated stomach, com- 
(//) Rumman rumen reticulum, psaltenum and abomasum, 

pristng four c J'“ ber 5 V ‘ th ’ swallow their food rapidly and store 
(Fig. 36 66). While '^^Vom here, the food is regurgitated, 

a mout^fuTaf^Uine^ chewed thorough b'^and^swal^lowed^^again^^TIus 

t P h r S.e, C sS, STdeer, camels and giraffes. 


•ESOPHAGUS 


l/SALTERIUM 


RUMEN 


\ 


»UM 


reticulum 


Fig. 36.66. Stomach of a ruminant 

4- tV\fy 36 67) The oxen (Bos), sheep (Ovis) 
Cattle, Sheep, ^ oa ‘ S ^ f ue hor ns, which consist of a bony core 

(C _, _ „ tlm , ThtJ 

Deer (Fig- 36 :” nlv of bone without any covering of horn or skrn. 
branched ^^^^^new every year. They occur only in the males 
They are shed and gr^ whjch both the sexes bear them. 

e X cept the remo came l (Camelus) is without horns and 

Camel (Fig- 36.69). is divided like that of a rabbit. The feet form 
antlers. The uPP^ bp ^ undiv ided on the underside but split tnto 
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two toes in front. The stomach has only three chambers. The first 
two chambers have a number of pouches, each with a sphincter muscle. 
These pouches are called the water cells as they serve to store water. 



Fig. 36.67. Goat {Capra) 


Fig 36.68. Deer {Cervus) 



Fig. 36.69. Arabian or one-humped 
camel [Camel us dromedarius) 



Fig. 36 70. Giraffe ( Giraffa 
Camelopardalis ) 
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There are two types of camels : the Arabian or one-humped camel and 
the Turkish or two-humped camel. 

Giraffe (Fie 36.70). The giraffe ( Giraffa Camelopardalis ) inhabits the 
desert-like regions of Africa, south of the Sahara. It has a height of 
nbout 548 — 610 centimetres and enjoys the title of the tallest mammal. 
The head is delicate and bears a pair of bony horns covered with skin. 
There is a median dome-like elevation between the eyes. The neck 
is very long and has short erect mane. The trunk is comparatively short 
The tail is considerably long and ends in a tuft of hair. The limbs 
are extremely long, particularly, the anterior ones 

rri • i:™ j n herds It feeds exclusively on the leaves which 

^.ssf rvy .n? »i.i. io™ •«•«*. i. 

itself by kicking out with the legs. 

Economic Importance of Vertebrates. 

Fishes. Fishes are useful to man in the following ways 
i Thev provide food. Many fishes like cod, salmon, herring, 
mackerel carps, cat-fishes and mullets are eaten all over the world. 

o Thev provide products of commercial value. 

J\ oi , Liver of certain fishes, e.g. cods and sharks, yields 

(a) Fish Oil. This oil in crude form is used in paints and 

!ns!cticide n sprays In the refined form, it is taken as a source of vitamins 

A ^ ?■', u nl Scraps from canneries and entire fishes of some 
species are dHed and ground into a meal. This meal is used for feeding 

^Leather. “ T^'skin of certain sharks is used as leather for the 

manufacture ot >h ,cs ‘^ d tanned a]ong with its cove ring of scales 
(d) Shagreen. S * d * h ; s used as abrasive for polishing wood. It is 
’ S “used for binding books and as a covering for jewel boxes. 


1 Thev provide recreation . 

Fishes like trout and perch are hunted for sport. 

( a - ^ _ Connie keep brightly-coloured fishes, e.g. 

(b) Hobby. Some ^ houses for decoration and fun. 


the 


(b) ) Hobby. Son^Jja | n the houses for decoration and fun. 

gold-fh , ,n — ,/,<? control of malaria. A few fishes, like Gambusta 

4. They help ' mos quito larvae and are introduced in ponds and 

. (top minnow), eat up m^a^arja throug h the destruction of mosquitoes. 

tanks for t ie c \ ive Uhood. Many persons are engaged in the fish 

5- fLnnhc industries which prepare fish products. 

trade and also in th ^ sdentific studies . Certain fishes are dissected 

6. They ar f acquiring knowledge of life, 
in the laboratory ful also . The carnivorous forms like sharks 

Certain flshe i .‘"jf lobsters, etc. which form human food. Larger 
feed on other fashes. 
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sharks ( Charcarius ) and sting rays attack man. Many fishes damage nets 
of fishermen. 

Amphibia. The amphibians help mankind in the following ways : — 

1 . They serve as food. The amphibian flesh tastes somewhat like 

veal or chicken and is regarded as a great delicacy in many countries. 

The forms usually eaten are bullfrogs, legs of smaller frogs and axo- 
lotles. 

2. They destroy harmful' insects. Frogs and toads eat large 
quantities of insects and, thus, keep the population of insect pests under 
control. 


3 * . The y are employed in scientific study. The frogs are used for 

courses in zoology, physiology 
and pharmacology. K J &y 

4. They have medicinal value. Toads have long been used in 
medicine by Chinese. Their skin contains digitalis-like secretions which 
probably have some therapeutic value. 


, ® es fi id u es this ; [rog/ are used as fish bait. They are fed upon by some 
food fishes and birds. They are kept as pets for recreation. There is 
a jumping frog contest for pet bullfrog in U.S.A. 


Reptilia. The reptilians serve the human interest in the following 
ways : — 


1. They provide food. Tortoises and turtles are in great demand as 

articles of food in many parts of the world. Some snakes and lizards 
are also edible. 

2. They destroy rodents a n d insects. The snakes and lizards benefit 
man by eating up the harmful insects and rodents. 

3. They provide fancy leather. Skin of crocodiles, alligators, 
large snakes and lizards is used as fancy leather for the manufacture 
of shoes, purses, etc. 

4. They give ‘ tortoise shell: The ‘tortoise shell’ of commerce is 
obtained from the carapace of the hawksbill turtle ( Eretmochelys 
imbricata). It is used in the preparation of combs and ornaments. 

5. They are kept as pets. Snakes and young turtles are kept as 
pets by some people. The snake-charmers earn their living by exhibit- 
ing their pet snakes to the public. 

6. They act as laboratory animals. Certain lizards like Uromastix, 

Varanus, etc. are dissected and studied in the biology laboratories. 

Many persons are engaged in the trade of these animals and earn 
their livelihood. 


^ ^ey provide poison for human use. The poison of cobra is used 
to relieve intense pain in the cases of inoperable cancer of human 

tissues. Primitive people poisoned their arrows with snake venom to 
kill the prey and enemies. 
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The reptile, ere harmful ’SiSf M.'S 

iSS 1 eSf of Su, ’bM,. The, „,o etr.ek poul.r, .. 

night. 

Aves The birds serve humanity in the following ways:- 

1. They destroy harmfri injects. 8^ pes ts. House-sparrow can 

feed on insects many of which ar en P numb er of mjuri- 

take 200-250 i n -cts per day . M ££ a cut q , 0C usts into pieces, 

ous grasshoppers. White stork and 5 P owlSi hawks , eagles, 

2. They destroy W "™* service to man by destroying rats and mice 

etc. render a very important our stored grains and spread diseases. 

which damage standing cr p , f Certain birds check the 

fS de?f of ‘money, ^me - labour- ^ kto . „ ow «, 

STXi and. th«, *- ■"« 

""r'lir po»»»“ 7 /if”, w “rVh". s 

on the bird poUinatorsJor the^ . ^ jn thc match industry, 

of silk-cotton tree whose p / a „ w . Bulbuls disperse 

6. 77te>- tr ee S in So4h India. Many birds disseminate 

the seeds of sandalwood t f e « mb 

the seeds of mulberry in tne 

7. They P ro ''ide "sef" 1 1 ” °‘" c ’ * ' golden eagles and peafowls 

(„) The % a *^ s ° of certain birds are used m stuffing 

have decorative value. F ^ preparing head combs, 
pillows, making shutt c- - swiftlet ( Collocalia ) of West 

* <» from saliva. The ne„, ar, - 

India and Burma Exported in large numbers. 

C T, <»v“ ” f 

■.SOW, 0 Soulh Pa„»« ^ extensively 

ff- fS of «r- 

9. »y/«r»*7"f„ F „t', or a. articles of food all over the world, 

manv more are eagerly & extensively takeD. 

Th ',r«°^f Vs “a s™ « s “ 

« Jga 55. as? sss 

they eat up ripe y 
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fruits ; they devour certain useful insects and fishes; they pollinate the 
flowers of harmful plants ; they disperse the seeds of weeds ; they 
spread diseases among the domestic animals and they sometimes prove 
a nuisance in the house. 

Mammalia. The mammals work for man in the following ways; — 

1. They serve as means of transport and beasts of burden . 
Cattle, horses, asses, mules, camels and elephants are abundantly 
used for carrying men and goods from place to place. Dogs and 
reindeer are also used for this purpose in certian parts of the world. 
Cattle and horses are employed in agricultural operations also. 

2. They provide food. Goats, sheep rabbits, hares, deer, calves, 
pigs, and many more are eaten all over the world. Cows, buffaloes and 
goats yield milk. Milk is also obtained from lamas, camels and 
reindeer. 


3. They give many products of commercial value , e.g. 

(a) Leather. The skin of cattle is made into leather for preparing 

shoes, bags, straps, and purses. 6 

(b) Fur. Mammals like otters, minks, weasels, foxes, seals, 
rabbits, etc. are hunted for fur to be used in the preparation of 
garments, purses, gloves and the like. 


( c ) Wool. Sheep provide the most important animal fibre without 
which it is not possible for us to survive in winter. Goats, alpaca and 
camels also yield wool. 

(d) Musk. The musk-deer of Central and Easten Asia gives 

musk from its glands. 6 


{e) Ivory i fie tusks of elephants and walruses yield ivory. 

(/) Ambergris. It is obtained from the intestine of sperm whales 
and is used in perfumery. 

(g) Oil and Fat. An edible oil is obtained from the blubber of 
whales and seals. This oil is also used as fuei by Eskimos in the 
Arctic Region. Cooking fat is procured from the pigs. 

(/i) Glue and Gelatin. Bones, horns and hoofs of cattle yield glue 

and gelatin. 


W Fertilizer. The bone-meal prepared by crushing the bones of 
cattle, sheep and horses forms an important fertilizer. Their dung is an 
excellent manure and also yields fuel gas. 


O') Antlers. The antlers of deer have decorative value. 

(fc) Hair. Hair ot certain mammals are used for making brushes. 


4. They provide recreation , e. g. 

( a ) Game . Deer, lions, foxes, bears, and hares are 
pleasure. 


hunted for 


phylum chordata 
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(b) Pets. Dogs, mongooses, rabbits and monkeys are kept as pets 
by some people who play with them at leisure. Dog has been associated 
with man as his pet and guard from times immemorial. 

(r) Zoo. Larger and rarer mammals are exhibited in the zoological 
gardens and national parks for curiosity and amusement. 

5 They are used as laboratory animals. Guinea ^nkcys 

dogs* and rats are extensively used for research m physiology, genetics 

and s P ace-travel an , ma , s . Cats destroy rats which are very 

dangerous to ma/ Many mammals eat up harmful msecs, Mongoose 

kills snakes, lizards and rats. . 

Mammals work against the human interests m the following ways:- 

, ru „ Amirov useful crops and trees. Rabbits, hares, rats, deer 
and^other^herbivwef destroy all forts of crops and fruit-trees. 

2. They £'“f Trni?. J booS»d dSy 

buildings, -nsume food .mP ds fa (he kitchens . 

rlnthes. carpets, ete. ^ais cat 

3 They sp read diseases. Rats spread plague. Pigs serve as tnter- 

mediate hosts for (a P ew °™ S ' ^ Maay carnivores feed on useful 

4. They destroy usefu poultry, etc. Some forms are 

animals like domestic cattle, sheep, P s 

dangerous even to man. 

Summa y ncor-day-ta) : With notochord. gill-slits and 

Phylum Ctort*** ( nervo us system. 

d orsal hollow ordata (he . mee . kor - da y-ta) : Worm-like body 

a? : s “ j ' k * 

Sub phylum (* I V |arva i tail, e.g. sea-squirt. 

notochord confi hordata - (se-fa-lo-kor-day-ta) : Fish-l.ke 

Sub-phylum (c Cephas reachjng hea d, e.g. lancelet. 

body, permanent var-ta-bray-ta) : With vertebral column. 

S ub-phy.um : N<f jaws. 

Super class Agnat C^g^ ( sy -klo-sto-may-ta) : Round-moutlied 


lass ” ‘ cydostomata (sy-klo-sto-may-ta; : Round-mouthed 

jawless fishes, e.g. la ™ pr ^ (Na-tho-sto-may-ta) : With jaws. 

Super-class Gnathostom ( (kao -drik-thi-eez) or Elaswobrauchu 
Class 1. C ^ d eyeV y Cartilagmo U s skeleton, e.g. shark, ray. 

(ee-laz-mo-branc ■ ■ - ' (oS . te -ik-thi-eez) : Bony skeleton. 

Class 2. Osteic , Ak . ti _ n0 _ te -rig-ee-eye) : air-bladder acts 

Sub-Class Actinopteryg t (A ^ flyiQg fishj c l im bing perch. 
as hydrostatic organ e.g 
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Sub-Class Choanichthyes (Ko ai-nik-thi-eez) ; air-bladder acts as a 
lung, e.g . African mud-fish. 

Class 1. Amphibia (am-fib-ee-a) : Gills present at some stage, no 
exoskeleton, digits without claws. 

Order i. Urodela (you-ro-dee-la) : Tailed forms, e.g. salamander. 

Order ii. Anura (ay-nyorra) : Tailess form, e.g. frog, toad. 

Order iii. Apoda (ap-o-da) : No tail and limbs, e. g. Uraetyphlus. 

Class 2. Reptilia (rep-til-ee-a) : Breathe with lung, have scales, 
digits with claws. 

Order i. Chelonia (ke-lo-nia) : Body short and broad, enclosed in 
bony shell, e.g. tortoise, turtle. 

Order ii. Squamata (squa-may-ta) Scaly exoskeleton, moulted at 
intervals. 


Sub-order (a) Lacertiiia . la-ser-ti-lee-a) : With limbs, e.g. wall- 
lizard, Chatnae/eon, flying dragon. 

Sub-order (b) Ophidia (of-ee-dee-a) : No limbs, e.g. snakes. 

order Hi. Crocodilia (krok-dil-ee-a) : Exoskeleton of scales and 
bony plates, body lizard-like, e.g. crocodile, gaviale. 


Class 3. Aves (ay-veez) : Feathered, bipedal, warm-blooded 
vertebrates. 


Sub-class (a) Archaeornithes (ar-kee-or-ni-theez) : Extinct birds 
resembling reptiles, e g. Archaeopteryx. 

Sub-class (b) Neornithes (ne-or-nitheez). Modern birds. 

Super-order l. Palaeognathae or Ratitae (ray-ti-tee) : Flightless birds, 
wings and keel reduced, e.g. ostrich. 

Super order 2. Impeanae : Penguins, wings form flippers. 

Super-order 3. Neognathae or Carinatae (ka-ree-na-tee) : Flying 
birds, wings and keel well-developed, e.g. pigeon, owl, duck, fowl. 

Class 4. Mammalia (mam-ay-lee-a) : Hairy, warm blooded, vivi- 
parous vertebrates with milk glands. 

Suo- Jas> {a) Prototheria (pro-to-thee-ri-a) or Monotremata (mon- 
o-tree-may-ta) :Egg lading mammals, e,g. duck-bill, spiny ant-eater. 

Sub-class (b) Theria (thee-ri-a) : Young producing mammals. 

Infra-class (/) Metatheria (meta-thee-ri-a) or Marsupialia (mar-soo- 
pee-ay-lee-a) : Pouched mammals, e.g. kangaroo. 

Infra-class (ii) Eumeria (you ihree-ri-a) or Placentalia (play-sen-tav- 
lee-a) : Placental mammals. J y 


hedgehog'’' InSeC,iV ° ra (in “ Sek ' U - VO r-a) = ^sect-eating mammal, e . g . 

Order ii Primates (pry-may-teez) : Fore-limbs adanted for 
grasping, walk erect or semi erect, e.g.lemur, Ioris, monkey, a£e man 
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Order Hi. Chrioptera (ky-rop-ter-a) : Flying mammals, e.g. bats. 
Order iv. Rodentia (ro-den-sbia) : Incisors adapted for gnawing, 

"orr^ ,PI. (lag-o-mor-la) : HUM-* .d,„.=b for 

‘-ZT ' "cl™ . Marine. AM. — *»" 

■“ r r - - - 

^Sub-order («) MM* (H™-*'"*—) : “"' V0 “' 

6 5 'sTb-order Pinnipedia (pin-ee-pee-dee-a) : Aquatic carnn.vores. 

C.SSV*!*) . E '“- b ” rtd ’ «■ ho, “ 

zebra, ass, Rhinoceros. dak-ti-la) Even-hoofed, e.g. cattle, 

B TES T QUESTIO N S 

1. Discuss the distinguishine characters^ of ^he jng one example of 

2 Name the various sub-P 'by * thc vertebrates ? . f * 

“ b i w, r^~^.on - - — » — - - • bn ; 

FlSh * D i s cuss the economic importance of fishes^ ^ ^ Osteichthycs. 

. i emur, IvionKc.) 

pards, Rabbit and Hate. ^ ^ ^ maJ[imels to mankind. 

8 9 . Name 311^ 'posturt^in'^atnmals Two nompoiso™ u . snakes. 

S HsSS» -, ri . - rji - 

SSSSr-- ' . 
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Variations 


Definition 

Variation is the only invariable law of nature, Everything in the 
universe gradually changes. The planets and stars alter their relative 
positions, the continents and oceans modify their boundaries, the 
climate varies, and the social structure changes. The principle of change 
equally affects the animals and plants. In fact, animals and plants 
must change in order to adopt themselves to the changing environment. 
Otherwise, they cannot survive long. This is why no two individuals 
of a species are ever exactly alike. Even the offspring of the same 
parents have individual peculiarities along with the strong resemblance 
with each other and the parents. ‘Like begets like’, thus, has a limited 
application. The differences shown by the individuals of the same 
species and offspring of the same parents are known as variation. 
The principle of variations is not only universal but also highly exten- 
sive. All organisms always show variations in every character and in 
all directions. Absolute uniformity is conspicuous by its absence in the 
organic world. 

Classification 


SJl 


Vacations can be classified in two ways : according to the nature 
the cells they affect and according to the their magnitude. 

1. With regard to the nature of the cells affected, the variations are 
ot two types, namely, somatic and germinal. 

Somatic \ ariatious. The somatic variations are also known as 
the somatogenic variations. 

Definition The somatic variations, as their name indicates, affect 
the somatic cells of Inc organism. They are neither inherited from the 
parents nor Iransmiled to the next generation. They are acquired by 
the individual during its own life and are lost with its death. They are, 
therefore, also called the acquired variations. They are non-inheritable 

^r^7'heg 0 irm C c"l^ Cl ' 0n h'™ lhc parcnts aud tlle offs P riu § is 

Causes. The somatic variations are produced by three factors - 
environment, use and disuse of organs and conscious efforts ' 

t/ Environment. Environment affects the organism through changes 

m light, medium, food. air. etc. The following experiments show the 

role ol environmental factors in the production of variations 
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(a) Cunningham's Experiment. Take a normal flat fish (Soiea) 
which is Pigmented above and white below. Keep it m a glass aquarium^ 
Throw light on the lower white surface and prevent all light falling 
on the upper surface. After some time it will be found that the upper 
surface o P f P the fish turns white and the lower develops pigmentation. I 
tSus shows that the fish develops pigmentation ,n response to light 

only. 

- - 

(c) Select two >-« “EbK”£ 

,,rc„e„ .bee .be ». bep. .»•«. 

(») U. ee? Df“f c0 °S-. T »S 

produce variations. The t ^: suse the organs become reduced, 

development while by the exercise acquires a stronger and 

A player who uses his muscles oae ' y who does not take exercise. The 
more muscular physique than t iQ the zoo is weaker than that 

same is true of the animals. A lio * ? ^ because the former does 

living in the natural en ^ r ° n ™* n f o od whi le the fitter struggles for it. 
not use its body to capture the food w ^ ^ produced by conscious 

(Hi) Conscious Efforts. Var of suc h variations are many 

efforts of human be ‘ n 8 s ' T ve ^ u uialions, i.e. cutting of tail and 

To mention only a few, . j n t he Indian women ; achieving 

limbs in animals ; boring ot p , bc | U j Q European worn in , 

slender waists by using t'f'J-^^'rmg .ight shoes in the Chinese 
restricting the f art ; forming habits and so on. 

receiving education . learn g ^ by (he 

Lamarck ( l744 '" l82 ^ ) . u ‘i disuse of organs, and conscious efforts 
effects of environment, use an keystone of his theory ot evolu- 

C afe inheritable and formed them the ( lg34 _ ^14) that the 

tion. But later on it wa ^ s ^° inherit able. In certain cases, however, the 
acquired characters ar<- non itab i e due to unknown reason. 

acqu 2 ir < rhe * errninal variations arc a 

as the blastogenic variations. ^ by t|ldr name> 

Definition. The germml vacations. Consequently, inheritable. 

affect the germ cells °J ^dSai from the parents and are transmitted 
They are received by the inuiv 

to the next generation combinations of 

Causes The blastogenic variations^dr^^^ Sexua | reproduction 

the a'ready P re ^nt characters ( eeMs of two parents, prov.des 

which involves the mixing u F 
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almost infinite chance of new combinations. The new combinations 
arise at two steps : firstly, during the formation of gametes at the 
reduction division and then at the time of fertilisation of the gametes. 

1. Continuous Variations, 

Definition. The continuous variations may be defined as small, 
imperceptible but very frequent departures on both sides of the normal 
type with which they are connected by intermediate stages. They are 
known as the continuous variations because they merge into each other 
by small gradations. They are also called fluctuating variations or 
fluctuations as they fluctuate on either side of the normal type. They 
are found in all the animals and plants and affect all of their organs. 

Types. Continuous variations are of 2 types : substantive and 
meristic. 

(a) Substantive Variations. These affect shape, size and colour of the 
organism or of its pans, e.g. height, skin colour, and shape of the nose 
in man. 

(61 Meristic Variations. These affect the number of parts, e.g. six 
sepals or petals in a pentamerous flowers. 

Darwin held that the continuous variations are inheritable, and 
formed them the basis of his theory of evolution. 

2. Discontinuous Variations. 

Definition. The discontinuous variations may be defined as large, 
conspicuous and sudden but rare departures from the normal type with 
which they are not connected by intergradations. These variations are 
also called the mutations, sports or saltations. They are inheritable. 

Types. These variations also are of 2 types : substantive and 
meristic. 

(Vr) Substantive Variations. These affect the shape, size and colour of 
the organism or of its parts, e.g. (/) the Ancon sheep which is a short- 
legged variety developed from the normal sheep in 1 89 1 in a single 
generation, (//) the hornless or polled Hereford cattle which developed 
from the normal cattle in 1889 in a single generation, and (i/7) the 
hairless cats, dogs and mice which have arisen from the normal parents 
in a single generation. Ali these mutants breed true. 

(6) Meristic Variations These affect the number of parts, e.g. 
supernumerary digits in man. 

Causes. The causes of discontinuous variations are blastogenic. 
They arise irom unequal distribution of characters during gamete 
formation. In rare cases, after synapsis, the chromosomes do not 
separate. The diploid gamete fertilized by haploid gamete will result 


*The student is advised to refresh his knowledge of cell division- 
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into a triploid zygote. The latter develops into an organism with 
rharactere entirely different from those of either parent, but inheritable 
PoWoloids have recently been produced artificially by treatment with 
coffine! Being blasfogenic, the discontinuous vanations are mhent- 

able. The reason of their origin is obscure. 

Significance. 

The variations have a manifold significance 

r „ natn for evolution. Without variations., older 

h 3RS5S SI 5K - * - «— * 

2. Variations enable the animals to adapt themselves to changing 

environment. _ . , 

3. Variations help man in improving the races of useful annuals 

and plants. 

All the ^dividua^'o^^ racepon'd'be^exactl^ ^dcnticann^ill 1 respects 
and heredity will offer no problem. 

TEST QUESTIONS 

. . • u , hll tvoL-s of variations with regard 

.• c ? Name and describe the typ»-3 oi 

1, what are variations ? Name a 

to the cells they affect. tont inuous and discontinuous variations. 

2. Write all you know about the conun 

3’. Discuss the significance of variations. 
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Heredity 


Definition of Heredity 

The offspring generally resemble their parents. This resemblance is, 
however, never complete. The young ones almost always have a few 
individual peculiarities in which they differ from their parents. The 
similarities, and in many cases differences also, are received by the off- 
spring from the parents. This transmission of characters, resemblances 
as well as variations, from one generation to another is called heredity 
or inheritance. The branch of zoology which pertains to the study of in- 
heritance of characters from generation to generation is, termed genetics. 

Physical Basis of Heredity 

In lower organisms, where the offspring are formed simply by divi- 
sion of the parent body, the transmission of characters is an easy affair. 
The young receives a part of parent’s body and is therefore, after it. 
In higher organisms, where the body is composed of a large number of 
units or cells, the only connection between the parents and the offspring 
is furnished by the gametes, the egg and the sperm. It is, therefore, 
certain that the characters of the parents reach the young ones through 
the gametes. In other words, the gametes form the physical basis or 
carrier of heredity. This fact was brought to light by August Weismann 
(1884 — 1914) in his theory entitled “the continuity of germplasm.” 
This theory states that — 

(c) the body of an organism consists of two very unequal compon- 
ents : the germplasm which includes the germ cells or cells of the gonads 
and the somatoplasm which comprises all other cells of the body. 

(b) the germpiasm bears hereditary characters and is passed on 
from generation to generation in the form of gametes, whereas the 

^ . e in heredity and perishes when the organism 

dies. 

There Is no doubt that the gametes carry characters from the 
parents to the offspring but they do not contain in them the characters 
as such. They contain ‘something’ which represents a character and is 
responsible for its appearance in the offspring. This ‘something’ is term- 
ed the gene in modern terminology. A gene may be defined as the unit 
of inheritance which is carried from the parent by a gamete and controls 

tne development of a character in the young one in co-operation with 
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offsprfng in > the S fonn'of genes Situated on the chromosomes present in 
the nuclei of the gametes. 

Mendel’s Experiments. 

Gregor Johann Mendel was born of a pe ^ a ^ u g ™ t \ni an monastery 

became a monk and eventually m a ot He Iaid foundations 

at Brunn, Austria (now Brno in Czec expsr iments on the pea 

of modern genetics. He f hi monas tery. He published his 

plant (Pisum stivum) in .the ga. den oi n Natural History Society. 

results in 1866 in the journa . attention He died in 1884. In 

Unfortunately his results attracted ^ dently 'rediscovered by three 

1920, however. h,s re ^ of Nethefland, Correns of Germany and 
biologists, namely, De Vries ° deser ve all the credit for naming 

Tshermak of Austria. The . them to t he notice of the biologists, 
them after Mendel and for $even character s which always 

Mendel noted m g The P charac ters included .- 

appeared in contrasting pair . 


1. Size of the stem ••• 

2 Position of the flower 
3* Colour of unripe pod 
4* Form of ripe pod • •• 

5. Colour of seed coat... 

6. Colour of cotyledons 
7 # Form of the seed 


Tall or dwarf. 
Axillary or terminal. 
Green or yellow. 
Smooth or wrinkled. 

While or grey. 
Yellow or green. 
Round or wrkinled. 


Mendel considered one pair -of J;5jj"5!o“ c “ * STu^St dwarf 

SSTJT ^dX^.s’SnSS’SSS 

d con 

‘v££A? - 

cross can be briefly expres. ^ xDwarf 


F, 


Tall 

(selfed) 

1 


3 Tall 


1 Dwarf 
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Mendel further found that all the plants of F 2 generation did not 
behave in the same way on selling. The dwarf plants bred true to 
dwarfness, i.e. they yielded draft plants on self-pollination. Of the 
tall plants, one was pure for tallness while others behaved like the plants 
of Fj generation, giving rise to tall and dwarf plants in the ratio of 
3:1. Mendel also noted that none of the plants in F 2 generation was 
intermediate in size between the two parents. 

The results of these experiments led Mendel to infer that the gametes 
brought from the parents something which made the particular character 
appear in the next generation. This “something’ was called by him a 
germinal unit or factor. He further deduced that the factors did not 
change even when the character was not expressed in the individual and 
that they could reappear in the later generation, e g. the factor for 
dwarfness did not appear in Fi generation but appeared in F 2 plants. 

Mendel published his conclusions in the form of two laws termed the 
Mendel's law of Heredity. The«e laws are : (/) the law of segregation 
and (/) the law of independent assortment. The study of these laws of 
heredity is called Mendelism. 

Before studying the law of Mendel, it is advisable to learn the terms 
used in modern genetics and the mechanism of heredity as revealed by 
the modern researches in cytology. 

Terms used in Modern Genetics 

Allelomorphs. The germinal unit of factor of Mendel’s terminology 
is known as the gene in modern gentics. ’ There are two genes for 
every character, one for each of its two contrasting expressions. Thus, 
the character of size has two genes, one for tallness and the other for 
dwarfness. Similarly the character of skin colour is represented by two 
genes, one standing for blackness and the second for whiteness. A pair 
of genes representing the two alternatives of the same character are 
called the allelomorphs or simple alleles. Each member of the pair is 
said to be allelomorphic or allelic to the other. 

Homologous Chromosomes. The allelomorphs lie on two separate 
chromosomes. These two chromosomes have the same size and shape. 

The chromosomes which are similar in all respects are termed the 
homologous chromosomes. 

Dominant and Recessive Genes. Of the allelomorphic pair of senes 
usually one gene expresses itself in the individual while the other 
remains unexpressed The gene which is capable of manifesting itself in 
the presence of its contrasting gene is known as the dominant gene. On 
tlie ntner hand, the gene which fails to express itself in the presence of 
its contrasting gene is called the recessive gene. 

Pure and Hybrid individuals. In an individual the two genes of a 
character may be similar in which case both of them stand for the same 
alternative of the character or dissimilar in which case they represent 
both the alternatives of the character. An individual is said to be pure 

or homozygous for a character when the two genes responsible for that 

character are alike and an individual is described as hybrid or hetero- 
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zygous for a character when the two genes controlling that character are 
dissimilar. 

Mechanism of Heredity 

A knowledge of cell and “X'^thr^ch^nTsm of 

a he?ed1ty. ll [ 2 Us° S n ugge V sted that the students should refresh their knowledge 
of these phenomena. 

During mitosis, tho 

themselves producing wo d tWQ dau „» lte r cells have chromo- 
daughtercell. W'th the res it h of (he mother ce H. During 

some and genes cxact^ identic me iosis which produC es quite a 

the formation °f|“7 et '' S |’ n , hii typc of cell division, the homologous 
different state of affairs. pairs (synapsis). Soon, however, the 

chromosomes come tj pair separate so that one chromo- 

two chromosomes of each sy p (q ca p ch d: , ugh ter cell. This is the 

some of each h< > mol ° 8 p and „ e nes. Since the mature gamete 
segregation of chromosom » 8 homologous pair of chromosomes 

possesses only one m-mber > a , f of (hat found in , he primordial 

its total number of chronv osom chro mosomes found in the mature 

sermcdU oMhe somauc wh ,, e those foun d in other cells const, - 

tute the diploid numb homo logous chromosomes during reduction 

In the segregation of th^h • | h (o gQ into which daughter 

division, which chromosome phis produces a number 

cell is purely determined y ^ or chara cters. For example, a 

of combinations of ?• rom , of chromosomes will show sixteen 
primordial germ cell w'^ chromosomes at the reduction division and 
possible combinations ol f „ imetcs . The law of chance combi- 

will produce the same number ^ the lime C f fertilization so that 

nation of chromosomes aga pe h 0 f fusing gametes. 

the types of zygotes formed are more ^ thc behaviour of the 

The whole secret ot , ' e, t formation and the manner of their subsequent 

chromosomes dunnggiime^ 

fusion to product yb 

rrrr-I L Of heredity formula,*, by Mende,. 

1 The Law of 8 f tkm states that during the formation 

Statement. Fhe la '°f each character separate leaving only one 
of gametes, the two genes amet e. Since the gametes possess one 

genc^ff eac j] character “ey are always pure. This .aw is, therefore, 

^^lA.aw«f P uri. y ofg a me t ea. 


, called the law o P be exp , ained with the help of a mono- 

Explanation. T , 11S nine experiment in which only one character 
Across. i.e. a. breeding ^ • ig an d cross 

,r,u , a time, ^eicu a h ark colour is 


with a 
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dominant over the white colour. Since each character is reprinted 
by two genes and in a pure individual both the genes °f a character 
are similar, the gene equipment of these parents will be BB and M) 
where B stands for the gene of dominant black colour and b tor the 
C ene of recessive white colour. During the formation of gametes, 
there occurs reduction division which involves the separation or 
segregation of homologous chromosomes and genes. The two genes ot 
the black colour will separate during sperm formation and the two 
aenes of white colour will likewise separate during egg formation. 
The gene equipment of the sperms and eggs will, thus, be B ana t? 
respectively. Now there will be fertilization or fusion of the gametes. 
The zygote formed from a sperm with a gene of black colour B and an 
e oe with a gene of white colour b will possess two unlike genes B b. The 
gine for black colour, being dominant, will express itself in the indivi- 
dual and the gene for white colour, being recessive vvil remain un- 
expressed All the offspring in the first generation, called the first filial 
(L filious=son ; filia=daughter) or F x generation will therefore, be 
black. They resemble the male parent to look at but genetically they 
differ from both the parents as they are hybrid or heterozygous. 


Now cross the hybrid black males and females of Fi generation. 
The genes of black and white colour will segregate at the time of gamete 
formation and will recombine at the time of fertilization according to 
the law of chance. In the second or F 2 generation, the offspring will be 
in the ratio of three blacks to one white. Of the blacks, one-third are 
pure for black colour and two-thirds are hybrid black. The whites are 
all pure. In other words, the pure black, hybrid black and pure white 
appear in the ratio of 1 : 2 : 1 in F 2 generation. 

The entire monohybrid cross may hi briefly expressed as below : — 


Parents—* 


Pure Black Male 


Pure White Female 


Guinea-pig 


X 


Guinea-pig 



Segregation 

Fertilization 
Hybrid Black 

Segregation 

Fertilization 


Pure Hybrid Hybrid Pure 

Black Black Black W,.ite 


Black : White =3:1 

Pure Black : Hybrid Black : Pure White— -1 : 2 ; 1. 
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The above cross shows the behaviour of the genes of a single 
character The genes of all other characters behave m the same manner. 

(Fig. 38.1). 


PURE BLACK 
GUINEA PIG <BB> 


PURE WHITE 
GUINEA PIG (bb> 


HYBRID 
BLACK «B'-) 


HYBRID 
BLACK (Bo, 

F, GENERATION 



BLACK GUINP-' 
y>,C HYBRID (B- 


c* 

PURE BLACK f. 
GUINEA PiG iBB) Xfy 


BLACK GUINEA 
PIG HYBRID (Bi>) 


PURE WHITE 
GUINEA PIG (bkt 


r - to i a monohybrid cross between a pure 
black Guinea-pig and a pure white Guinea-pig. 

2 Law of independent Assortment of Genes 

2 * L that the genes of different characters are 

Statement. This ^ . the j r behaviour during gamete formation 

r. ™ «■' 

and in tnc su . «/ith i 


DlaCK tuiuui a* 

SimUlia J‘,it7''loag-haired fejnaic u-e- - dominant over 

rminan t ov « the white co ouran ^ ted by two geD es and 

ong hair. Since ^ ^"^ -nd.vidual, the gene equipment of 
tK , th f se genes are similar P bb 55 respec tively where B stands 
both these g , bg taken as BB SS a the gene of recessive white 

f hC thegenc of dominant black c : ^ hafr aQd g for the gen e ol 

f0 ( I for the gene of G f gametes, there occurs 

CO O c i’ve long hair - ■ DU !I, A two genes of each character segregate so 

division in wl c e of each character. With the result, 
red , UCt eametc has only one : ge and female game tes in this cross will 

‘the gene ^^"‘ely Now fertilization occurs. The zygote comes 

be BS and bs ref 
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to possess two unlike genes of coat colour and two unlike genes for the 
size of the hair, i e. it has Bb Ss. The offspring developed from such 
zygotes will be all hybrids with black colour and short hair. 

Mow cross the hybrid black short-haired males and females of Fi 
generation among themselves. The genes for black and white colour 
and also for short and long hair again segregate during gamete forma- 
tion. The gametes show four combinations of genes, viz. black short 
(BS), black long (Bs) white short ( bS ) and white long (bs). These 
gametes on fertilization produce four types of guinea-pigs in F 2 genera- 
tion. They are in the ratio of nine black short, three black long, three 
white short and one white long. The black and white are in the ratio 
of 3 : 1 and pure black, hybrid black and pure white are in the ratio ot 
1:2:1. Similarly the short-haired and long-haired guinea-pigs show 
a ratio of 3 : 1 and pure short-haired, hybrid short-haired and pure 

long-haired a ratio of 1 : 2 : 1. 

This cross has been briefly illustrated below 


Parents 
Gene Equipment 

of parents — 


Pure Black Short-haired 
Male Guinea-pig X 


BBSS 


Pure White long-haired 
female Guinea-pig 


bbi* 


Gametes— 


FjGeneration 



Gametes ► ES y bS /' b 


/ 



\ 

b» 

4 

Segregation 

| 

Fertilization 

' BbS j 

Hybrid 

Black and 
Short haired 

/ \ 

Bs bS 

\ Segregation 
-bi 


Fo generation 


1 

i 

1 

BS 

Bs 

■ ■ ' i 

1 

b;> i 

b s 

1 

t 

b s 

BbSs 

t 

r 

Bbss 

b b S : 

I t 

bbss 

ts 

BfcSS 

BbSs 1 

b b S S j 

b b S s 

■ Bs 

eBSs 

BBss 

BbS 

Bbss 

- BS 

BBSS 

BBSs 

1 

BbSS 

Bb Ss 

I 


Fo ►Black : white=12 :4 or 3 :1. 

Pure Black : Hybrid Black : Pure White— 4 : S : 4 or 1 : 2 : 1 
Short haired : Long-haired 12 : 4 or 3 : 1. 

Pure short-haired : Hybrid Short haired : Pure Long-haired 
= 4:8:4. or 1 : 2 : 1. 
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This dihybrid cross dealing with two characters simultaneously yields 
the same results as in a monohybrid cross, namely, 

0) in F x generation raised from two pure parents, all offspring are 
alike and resemble the parent with dominant characters superficially;and 

(2) in Fo generation, the dominant and recessive characters appear 

in the ratio of 3 : 1. 

This proves that the cenes of different characters do not interfere 
with each other’s behaviour but are sorted out independently of each 

other. 


Incomplete Dominance or Blended Inheritance 

The characters or genes are not always dominant or recessive In 

case S the hybrid produced by crossing two pure individuals does 
certain ea ^*> l .“ h y f th £ m but is midway between them. This is known 
not resemble either o^tnem inheritance. It is due to the fact 
as mcompiete dom * Qr e is not in a position to completely 
that the dominant c A good example of incomplete dominance 

suppress the rece g f short . horne d cattle. A cross between a pure 

,S 5 ff ° r l o nimal and a pure white female animal yield hybrids with roan 
red male animal ^ p white pat ches, in F 1 generation. The roan 

colour, i.e. shoW /“f ith “ c h other give the usual Mendelian ratio, viz. 

hybrids oV= white'for every four cattle. In other words, 

the 6 ratio for F 2 generation is 1 : 2 : 1 . 


. IT 


• © 


oc 



, 38 . 2 . Incomplete dominance in short horned cattle 

l8# n f incomplete dominance is afforded by the 

Another good e ^“ p . as t h ree varieties : white, black and blue. 
Andalusian fowl whlc £ a pur e white male and a pure black 

<RE y Vd'“»w ro»i. ««■ sssss' .ss 

sr'.'pr*.i»T' st.: 1 x s. «« 

;30 d black streams o 
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each other give the usual Mendelian ratio for monohybrid cross, i.e . .one 
white two blue and one black fowl for every four fowls, i.e. their ratio 

is 1 : 2 : 1. 


I ENTS 

' 1 / 


WHITE 

MALE 


GAMETES 



fi GEtiEPATtON JTa 
'.'.hi ft 

Fj HATIQ 


Fig. 38-3. Incomplete dominance in Andalusian Fowl 

This case illustrates the practical utility of Mendel’s laws of heredity. 
Of the three varieties of Andalusian fowl, the blues are in demand for 
food but the blacks and whites are ‘wasters’, as they are not eaten. In 
the past the poultrymen have been destroying the blacks and whites 
and have been crossing the blues, hoping that they would get all blues. 
They, however, got only 50% blues from such crosses, the other 50% 
being wasters. We now know that if blacks and whites are crossed, all 
the offspring are blue. There is, thus, no need of destroying the so- 
called wasters. 

Genetic Principles Discovered After Mendel 

Since the time of Mendel, three more genetic principles have been 


HEREDITY 


469 


discovered. These are : linkage, crossing over and linear arrangement of 

genes. . 

1 Linkage There are always many more pairs of inheritable 
characters in an individual than there are pairs of chromosomes, 
Conseauently, each chromosome must bear more than one gene. All the 
genes present on the chromosome segregate as a group and travel 
together from generation to generation. This tendency of certain 
genes to stay together in hereditary transmisson is known as linkage. 
T h"s phenomenon was first described by Bateson and Punnett in 1905. 
It explains why in the fruit fly (Drosophila melanogaster) the red eyes 
and orev body occur in the same individual. The reason is that the 
gene! of red Y eye colour and grey body colour lie on the same 
chromosome and, therefore, go together in the gamete and next 

^Mendel succeeded in discovering his law of independent assortment 

a,, luckily the rf bf'hta fflgto 

separate'll comosomes and. therefore, aaaorted io the tame way » the 

chromosomes themselves. 

Cr»mt=*times even the characters linked together 
2. Crossing over. S s on the same chromosome separate, 

due to the presence oftl h g®£ menon of crossing over. Thispheno- 
This is brought about by P fae of correS ponding parts of the 
menon involves the mutu 334 ) Homologous chromosomes 

homologous chromosomes ^ 2 ; ^ around each other, break at 
lying side by side m corresponding parts . With the 

resuTt! when n they°fina S |ly separate, they carry different sets of characters. 



P] 


a 

& 








* 









a 


i 



&• 


1 


Segregation Synapsis Segregation 
bvnaR* 3 b w 

Fig. 38.4. Crossing Over 

* nf Cenes Breeding experiments have shown 
3. Linear Arrangement * H * nkage group, some undergo crossing 
that of the genes that m . The reason is, as first suggested by 

ov er more n^the'^nes^f each linkage group’ are linearly arranged 

sturtevant, that m c 
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on their chromosome and that they maintain their relative positions* 
Consequently, crossing is likely to occur more often between genes that 

are far apart on the chromosomes than between those which lie near 

together This conclusion of Sturtevant has helped the geneticists to 
determine the positions (loci) of genes on the chromosomes in 
Drosophila with considerable correctness. This is called mapping of 

chromosomes. 


Economic Importance of Mendelism 

The knowledge of heredity is of a great practical utility to man. 

(/) It has enabled man to develop or intensify the desirable characters 
in an organism and to eliminate the undesirable traits. With this techni- 
que, man has improved the form and yield of the domestic animals, 
food crops, fibre plants and fruit trees. 

(//) The principles of heredity apply equally well to mankind. They 
can help in the improvement of human race if proper laws of marriage 
are formulated and obeyed. 

(iff) The knowledge of heredity has also helped the study of evolution 
and has dispelled many faulty notions about inheritance. 

TEST QUESTIONS 

1. Define heredity. Enunciate and explain the Mendel’s laws of heredity. 

2. Define the following terms— 

Allelomorph, Pure or Homozygous animals. Hybrid or Heterozygous animals. 
Dominant character. Recessive character. Monohybrid cross. Incomplete dominance, 
Fi generation. Homologous chromosomes. 

3. Describe a cross showing incomplete dominance. 

4. What is the Mendel’s second law of heredity ? Explain this law from a cross 
between two Andalusian fowls. 

5. Discuss the practical utility of Mendel’s laws of heredity. 

6. Name and explain genetic principles discovered after Mandel. 
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Organic Evolution 

(Evidences) 


It has been noted t h a t^ther^ a r ^ my r fa ds^o7 different *tvpes 7 ^ 

«*“ “ d 

the doctrine of organic evolution. 

I. Theory 5S 

atssasssasK- 

A „ ,h. animals and pWs .era ere.red simaiuneousl, ...hon. 
any relationship with o f in whic h they exist to-day, 

, gffl; JBS a C eniity incapable of uadergoing eh.nge 

• ii v designed to meet the needs of 
(c) Their or S anS h l ; c ^ e t h e e y en h ave been created. 

, b e ea.iro.men. .. »h«h ■»« ^ „ „„„ no , 

This theory is not based on scl ^ therefore, been rejected, 
many biological phenomena, t has, ^ Qf ^ ion 

II Doctrine of Organic Evolution. anima]s and p i ant s have been 

sgsSlsssiHisis 

ii mmsmm 

theVmphibiaiis. £=,»* £« — 

of the latter were final y evolution, is a very 

The - 

old one. I » ,00 years or so, it ha. 8 universal acceptance. 

S“Si». e i l « »« “" 0, ‘ * ° 
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This is because a lot of evidence has accumulated in its favour. The 
exact mode of evolution, i.e. the way in which one animal or species 
changes into another, is still not very clear and even to-day there are 
different views about it. We shall first discuss the evidences to prove 
that evolution has actually taken place and then review in the next 
chapter the possible ways by which it may have occurred. 

Evidences of Evolution 

There are five main types of evidences which support the doctrine 
of organic evolution. These are anatomical, embryological, palaeonto- 
logical, physiological and genetical. 

1. Anatomical Evidences. Anatomy is the study of internal structure 
ol animals as revealed by dissection. The aspects of anatomy which 
provide evidences for evolution are classification, homologous structures, 
connecting links, vestigial organs and atavism. 


(0 Classification. The natural classification of animals and plants is 
based on the comparison of their structures. The individuals showing 
certain similarities are put together in one group. The smaller groups 
resemoling one another in some features are combined into a larger 
group and so on. The similarities within a group and between various 
groups suggest that there is a definite relationship between the various 

forms ofhfe The vertebrates like fish, frog, lizard, pigeon and rabbit 

beautifully illustrate this relationship. These animals look very different 
from one another but they all resemble in having a dorsal hollow central 
nervous system, a ventral heart, a notochord and gill-slits This 
similarity in the outwardly different animals cannot be without any 
sigmficane. It indicates their common ancestry. y 

. th * va . r,ous groups of the animals and plants can be arranged 

in an order showing gradually increasing complexity in structure This 
shows that they have appeared in this very order, the lower forms 

modifier 8 lnt ° th u-u h - Igl T r 0neS by gradual modification. The gradi^l 
modification is exhibited by the heart and the ear of the vertebrates 

h tw °‘ chambere d (one auricle and one ventricle) in the fishes* 

8srSsS£»-* anas awa 

(//) Homologous Organs. The organs which look- ve™ 

perform different functions but have the same fiind'impnL d f er ? nt and 
called the homologous organs (Fig 39 n Th^ r *u a structure are 

>u* er-ssua .n T dVri",?.t v 0 'f sr 

pie of the homologous organs. The fore limbs of these an”mals have 
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^S g haP for an c^ping TT SoTfor 

a&f mms* *£ -aw s 

fore-linrt^coindsts of the upper arm having £ 

fore-arm containing two bones, radius a j phalanges in the digits, 

carpals in the wrist, metacarpal* “‘Vthe apparemly different limbs is 

ss j iKu av.b»»w f»» • 



a/KD 


W HAL E 


HORse 


MAM 


H = Humerus ; R-Kaatus ,_ v =dieits. 

CM=Carpometacarpals. 1 - u the ancestral 

type called the Pe^modi fied^xTemany acto'rding 'w the need of the 

Another example oj- m^th-parts include a 

^ o°f mSie^and two pairs of -xilla.^But « ^h the 

modified in different >i “*ct In cockroach the moulh-parts ^P fly 

feeding habit of he wse ^ to for sucking liquid Ifood, • r The 

for chewing sohd m .JJ the butterfly for siphon djfferent 

has been 

~r — . *- ,h “ “■ 

evolution and not creation. 
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(Hi) Connecting Links. The living animals which possess characters- 
of two different groups of animals are known as the connecting links. 
The lung-fishes serve as a connecting link between the fishes and the^ 
amphibians. They, besides having all the characters of fishes, possess a 
single or double lung for breathing air like the amphibians. They 
indicate the way in which the fishes were modified into the amphibians. 

The egg-laying mammals like spiny ant-eater and duck-billed platy- 
pus provide another example of the connecting links. They link the 
mammals with the reptiles. They are decidedly mammals as they have 
many mammalian features like hair, mammary glands, diaphargm, 
single aortic arch, etc. But they resemble the reptiles in having a large 
coracoid in the pectoral girdle and in laying large eggs with yolk and 
shell. They are, thus, midway between the reptiles and the mammals and 
are sometimes described as the unfinished mammals. They show the 
stages through which the reptiles have evolved into mammals. 

The connecting links establish continuity in the series of animals by 
proving that one group has been evolved from the other. 

(7v) Vestigial Organs. The organs which occur in reduced form and are 
useless to the possessor but correspond to the functional organs of 
related animals are called the vestigial organs. The existence of vestigial 
or useless organs is not explained by the theory of special creation 
according to which all the organs of the animal have been specially 
designed to meet its needs. The doctrine of organic evolution, on the 
other hand, offers a very satisfactory explanation for the presence of 
useless organs in the animals. These organs were fully developed and 
functional in the ancestral forms from which the present day form have 
been evolved. But due to change in the mode of life of the existing 
torms, they have gradually become reduced and functionless. 




nictitating membrane 



Fig. 39.2. Vermiform appendix in man Fig. 39.3. Nictitating membrane 

tatiSmem r b e raTe7Fi'p St 3 i 9 i 3 1 | 0r8anS . in Tu’ e ' g ' third eye - ,id or nicti- 

,Fig - 39 - 4) ’ vermi - 

other animals a, So g ke S SiSffi £ 
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some whales and pythons, splint bones in the horses and wings in the 

fli8 In e mo b st rd o C f a "h d e Vertebrates, the third eye-lid (Fig 39 3) is well- 

developTd and is moved across the eye at intervals for cleaning the 

cornea. In man cornea is cleaned by the 
upper eye-lid. Consequently, the third eye- 
lid has become reduced and non -functional 
in the course of time. 

Mammals possess three muscles in con- 
nection with each pinna (Fig. - • )• 

the help of these muscles they move the, r 

pinnae to set them in the direction o ‘ sound 
These muscles have become reduced and 
useless in man during the course °J h 
lution. He, therefore, cannot move 

pinnae. 

Vermiform appendix (Fig- 39.2MS a 
blind tube at the end of the caecum 
certain mammals including^ ^ vermjform 
vorous forms, the n( \ serve for 

1 ft's- - - - 



Fig. 39.4. Muscles of the 
pinna in man. 



hip 

girdle 


r , l. a Greenland whale shewing 
Fig. 39.5. Skeleton of L h on es of the hind-limb. 

vestigial hip-girdle and b °” The caecum and appendix 

bacterial digestion. , u reduced. They 

have consequently become re , q ^ 

ES., b ’= 

sirs 

surgical removal of the appendix. 

Whales normally lack however, 

hind limbs. . The and bones of 

UMT JTS5SE if?* *g forms 

,„„w. .t.. .b= »»!'• b "“ ' 



9 6 . Hip-girdle and 
of the bind-limb of 
land whale 
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possessed hind -limbs and hip girdles, 
during evolution in the Greenland 
appeared in other whales. 


The latter have become vestigial 
whales and have completely dis- 


The snakes have been evolved from the lizard like reptiles bearing 

two pairs of functiona! Hmbs but due to change in their mode of life, 

Sfrnl. V. h u e com P lete, y- The pythons still retain the pelvic 

giraies and the hind-limbs in a reduced condition (Figs. 39.7 and 39.8). 

nf thef.fn'i" 1 b< ? neS in the limbs of horse < Fi ?- 39.11) are the vestiges 
ot the functional toes of its ancestors. 

certain i ^^ v,srn » also called reversion, the reappearance of 

di«;aDDear^H^r» ^ - p ^ ren ^ a ^ structure which has either completely 

disappeared oi greatly reduced. There are many examples of atavistic 


VESTIGIAL 

HIND UMB 



I'itr. 7. Vestigial hind- 
hmb in a python 


Hie. 39.8. Vestigial pelvic girdl? and 
bones ot the hind-limb in a python 


structures in man like occurrence of a short tail in k u- 

presence of additional m-.mmae in some persons power of m „ £ lb - les 

pmna in certain cases, huge canines, very long and dense hair 
presence oi these structures mlv in n i n -r f oense hair, etc. The 

explained bv theory of w" ’al c Jl ‘‘f ° f a Srecies is "°t 

dividuals of a species should be Llike They can bVexn^ f the 
assumption that there is a tendency amonp th, o * P ? ed ° n the 
structures of their remote ancestors > g L animals to develop 

«. dt «, op . 

sasss s wii 

swsr-* is- 

to man. tf'from”™ n s^cSl™!) foS'.T™" 1 ’ !,om W™ 

all cases the zygote undergoes segmentation ted egg^ 2yg0 ^ In 
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the blastula. The latter then develops into a two-layered gastrula. The 
outer layer of the gastrula is called the ectoderm and the inner the 
endoderm. The two-layered or dipfoblastic animals like. Hydra and Obelia 
stop their development at this stage. They simply grow in size and be- 
come adult. In three-layered or triploblastic animals, the gastrula deve- 
lops another layer, the mesoderm, in-between the ectoderm and endo- 
derm. The embryo, thus, becomes three-layered. The entire animal 
develops from these three layers which are called the primary germ 




REPTILE 

(TURTLE) 





BIRD 



. nt of the embryo in vertebrates. Early stages of the 
v\a 39.9, Development t vertebrates as given in the top row show 

development of embryo in dme^ have Iong taU and glJ1 sIits The differcnce 
close resemblance ^^opaient proceeds. 

becomes appare m layers produce the same set of organs 

vers The three P J^Vmilar early development and the same fate of 
, all the animals. in , vers in all lhe animals are of great significance, 
e three primary S erm r ' l2l ionship among the Metazoa and suggest that 
hey establish a close ^‘ olvcd in a series from a common ancestor. 

1 of them have . rate Embryos. The embryos of all the verte- 

/••v Similarity in the u V * an d structure in their early stages (Fig. 39.9). 

(M) S, “ dmilar in shap , w S so close that il becomes dlfficult to tei J 
rates ar . , ance is s0l ^ e |! v am0 Dg the vertebrate embryos is a proof of 
'he resem § similarity ver tebrates. Besides this, the resembl- 
hem apar • eSt ry pi indicates the evolutionary relationship of the 
hC C ° Tthe embry° s a h S ° e mbryos of the vertebrates nearer to each other 

dult'ertebrates. ** 
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in the adult stage resemble more and for a longer period than the 
embryos of the vertebrates far away from each other in the adult stage. 

For instance, the embryos of a mammal and a reptile will resemble more 
and for a longer duration than the embryos of a mammal and a fish. 

(/ii) Biogenetic Law. Biogenetic law, also called recapitulation theory, 
was put forward by Von Bear in 1828. It states that every animal in its 
development briefly repeats the evolutionary history of its race. It may 
be briefly stated ontogeny repeats phylogeny. Ontogeny is the life-history 
of an individual from egg to adult while phylogeny is the evolutionary 
history of the race of an animal- All the vertebrates start their life from 
a single cell, the zygote. All of them during their life-history pass 
through a two-layered gastrula stage and then through a fish-like stage 
with gill-slits. They do so because they have descended from the 
Protozoa through coelenterate-like and fish-like ancestors and they are 
to repeat these evolutionary stages in their life-history. 

(zv) Temporary Embryonic Structures. The embryos of birds develop 
teeth which disappear before hatching. The embryos do not take any 
■food through the mouth. They live on yolk which is absorbed by special 
blood-vessels. Their teeth are, therefore, of no use to them. The adult 
birds feed on hard solid food like grains, nuts, meat, etc. and require 
teeth for mastication but they have none. This is a peculiar pheno- 
menon. A structure is present when not needed and disappears when 
its need arises. The theory of special creation has no explanation for 
this strange case. It can, however, be explained from the belief that : — 

(a) the birds have been formed by modification of toothed reptiles, 

(b) they have lost teeth in the course of modification and 

( c ) their embryos repeat the ancestral character of the presence of 
teeth. 

(v) Development of Organs. The development of certain organs in the 
vertebrates indicates their common ancestry. The heart is one of such 
organs. During its development in birds and mammals, it first becomes 
two chambered, then three-chambered and finally four-chambered. This 
indicates that both birds and mammals have originated from the fishes ,• 
which have two-chambered heart through the amphibians and reptiles 
which have three-chambered heart. 

The development of brain also suggests the common origin of all the 
vertebrates. In all cases it arises as enlargement of the anterior part of 
the nerve-cord in the embryo (Fig. 28.1). This enlargement in all cases 

u * . ec * by . tkVO grooves into three regions, namely, fore-brain, 
mid -brain and hind-brain. Each of these three parts develops further 
more or less in a similur manner till the adult condition is reached. 

Why should the heart and brain of such remote animals like rabbit 
and frog develop in a similar way ? The answer lies in their common 
origin. The theory of special creation has no explanation for it. 

3. Palaeontological Evidences. Palaeontology is the study of past life 
based on the fossil record. The fossils are the petrified remains or 
impressions of the ancient animals and plants preserved in the rocks. 
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Palaeontology furnishes the most direct and reliable evidence for evolu- 
tion as it deals with the actual organisms that lived in the past. Before 
considering the ways in which Palaeontology supports evolution, it is 
necessary to know how the fossils are formed and studied. 

Our earth came into existence as a molten mass. It was probably 
cast out from some other heavenly body. Its surface gradually cooled 
down and solidified. This gave rise to the solid crust of rocks enclosing 
a molten centre. With the loss of heat from the earth, the water vapours 
of the atmosphere condensed and filled the depressions on the surface or 
the crust. This produced the oceans and the seas. 

The rocks formed by the solidification of the originally molten earth 

are called the igneous rocks. These rocks have been gradually breaking 

down under the influence of rain, wind, heat, cold, etc. The broken 
ciown . , rocks have been carried by the rivers to the 

oce W ans P w a h ere They have ^been settling at the bottom layer after layer 

mmmmms 

thus preserved in the r , - fied r0cks a b 0 ve the surface of the 

heavals have raised many , ,-r fossils within human reach, 

sea, thus, bringing their preserved 1 e Gratified rocks accessible 
Man has taken out many anima s fr meagre . In fact, it can 

to him but his knowledge of fossds t marjne g forms have a greater 

never be perfect due to cert a>n reas .in anima ls have died on 

chance of being preserved in ™“; zation . y 0n ly the hard parts of 
land, never reaching the occean f The soft parts decay and dis- 

the animals can be preserved in tli h ave left no fossil record, 

appear. Thus, the animals accessible for study f 

The S5 

be exp,ored fully ' Last of a "’ e 

StU n hIsb'eeTesiimateTthat the 

i.» .i. s'sLXr abided 

a*-. ss a sasxt T - »«°« -* 

Seir dominant 

«pho"of;.laoo=t.mgy P *“ °' 
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TABLE 28. Time-scale of Earth 
(To be read from below upwards) 


Eras 

Age From 
present 

| Periods 

Dominant Forms of Life 

Psychozoic 

i 

j About 

10,000,000 
yrs. 

Recent 

Age of man 

Modern man, mammals, birds and insects. 

( 

I 

) 

Cenozoic 
(Era of 
recent life) 

About 

70,000.000 

yrs. 

Quarter- 

nary. 

Age of Mammals 

Great mammals become extinct. Higher 
mammals remain dominant. Primitive man 
becomes common. 

Tertiary 

Archaic mammals become extinct. Higher 
mammals appear and become dominant. 
Primitive man appears. 

Mesozoic 
(Era ot 
mediaeval 
life) 

About 

200,000,000 

yrs. 

Late 

Mesozoic 

^ 

Age of Reptiles 

Great reptiles become extinct. Birds and 
mammals appear. Toothed birds disappear. 

Early 

Mesozoic 

Reptiles increase and become dominant. Bony 
fishes appear. Toothed birds appear. 

Palaeozoic 
(Era of 
ancient 
life) 

About 

500,000,000 

yrs. 

Late 

Palaeozoic j 

1 

• 

Age of Amphibians 

Amphibians maximum. First reptiles appear. 
Modern insects, sea- lilies and urchins abund- 
ant. Trilobites become extinct. 

Middle 

Palaeozoic 

Age of Fishes 

Fishes maximum. Invertebrates abundant. 
Amphibians appear. First air-breathing* 

animals, like, insects appear. 

Early 

Palaeozoic 

Age of Invertebrates 

Marine invertebrates maximum (sponges 
jelly-fishes trilobites, moilusks, star-fishes* 
corals, etc). Fishes appears. * 

Proterozoic 
(Era of 
early life) 

About 
1,450,000 000 
yrs. 


Simple marine invertebrates without shell 

appear. Fossils scanty. 


Archeozoic 

About 



(Era of 
dawn of 

I2,000,000.c00 

( yrs. 


Acellular forms appear. No. fossils. 

life) 
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fossils progress from simple to more complex types as we come from the 
earliest to the more recent rocks. The rocks of the earliest eras, namely, 
archeozoic and proterozoic, do not show fossils. The fossils begin from 
the palaeozoic era. In the early part of this era are found the fosssils of 
marine invertebrates. In the rocks of the middle and later parts of this 
ear, appear the fossils of fishes and amphibians respectively. In the rocks 
of the next era, the mesozoic, are found the fossils of great reptiles and 
primitive birds and mammals. Finally, the recent era, the cenozoic* 
shows fossils of typical mammals in the early part and of apes and man 
in the later part (Table No. 28). 



Fig. 39.10. Archaeopteryx (After Romanes). 

f/rt Disoaritv between the Past and the Present Forms of Life. There is 
S } £■ j-a%rf»nop between the extinct animals and their living allies, <?•£• 

the extinct f®? 11 * 6 ® 3 i a h ' rlv man was different from the modern 
with *e existing ones. The early man ^ ^ ^ ^ 

man. He lived fruits and seeds of wild plants. By 

lived by hunting and y g structure, he has developed into the 

several changes, both in lorm follows t h at life has been changing 

modern civilized man. 1 1 , t ,11 of special creation. 

«« to* „ I»« .8““ J„ c „„ of , wo 

(iii) Missing Links. The foss . issiDg links. An excellent case 
groups of living animals are c bifd Archaeopteryx (Fig. 39. lO). 

of such a link is afforded y ssed leat hers which are exc usively 

It was decidedly a D bir ^£ s / he re Dt n es it had teeth in the jaws, claws on- 
avian structures. But like it P fe ’ athers on t he sides and a keelle^s 

free fingers, a long tail bea rig midway between the reptiles and 

sternum. This htrd «pr«en« a sWge m y* ^ ffom (he former, 
birds and suggests, the path ot evom there are several 

(if) Ancestries of I “ divid n u ® , stad y 0 f fossUs complete evolutionary 
difficulties in the formation and study ot 
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histories of animals like horse, camel and elephant have been traced from 
the fossils by the palaeontologists. The evolution of horse is shown in 
the Fig 39 11. The modern horse belongs to the genus Equus. Its evo- 

ution has been traced to an animal which lived about 6 crore years 
back in the beginning of the cenozoic era. This dawn horse is called 
Eohippus. It was a small animal, about the size of a fox. Its fore-limbs 
had four toes each and the hind-limbs had three toes each. Its molar 
teeth were small and constructed for grinding About 2 crore years later, 
it changed into an animal called Mesohippus. Mesohippm had three (oes 
on each foot. It was of the size of a goat. After another one crore years, 
another animal called Merychippus was formed. It was of the size of a 



NAME or 

HORSE 


£Gt '-fS 



MOf’CRb. HORSt 


/ j 


MTUVCHirVLIS 



V21 or 
AM ASS 




to 



size or 

A GOAT 





\({/ I (I 

U & 


SIZE or 
a rox 



runs on 
i to e* 

second and 
fourth toes 
have become 
splinf bones 



had 3 toes 
but ran 
only on 
t toe, 
side toes 

did not'* v n 
touch groundQ/ 



ran on 

3 , 

fifth toe 

reduced to q u* 
a splint. -10^ 



ran on 
4 toes* 
first toe 
undeveloped 



Fig. 39.11. Evolutiou of the horse from a four toed animal to the modem 
horse through the ages. The number of fingers in the last column corresponds 
to the nu Tiber of fingers on the hands of man. 
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modem ass. Like Mesohippus , it had three toes per foot but it could run 
only on one toe. The two side toes had become much smaller and did 
not touch the ground. Its molar teeth had ridges and were suited for 
•chewing and grazing on grass. The modern horse has descended from 
this animal. It appeared first as a fossil about 5 lakh years ago. It has 
only one toe on each foot and the two side toes are reduced to splint 

bones. 

From the above evolutionary history of the horse, we can safely con- 
clude that all other animals have been evolved in a similar way. 


4 Physiological Evidences. Physiology is the study of the functions of 
living bodies. It has been noted in the anatomical and embryological 
evidences that similarity in structure and development of animals 
suggests a close relationship among them and points to their common 
anr^trv The same is true about the similarity in the physiological 
processes of anfmals. The aspects of physiology which establish 
Einship among the animals are : protoplasm, deoxyribonucleic acid, 
enzymes, hormones, blood and lymph and chemical reactions. 

composition "throughout the living beings-plants as wei. as animals. 
This similarity establishes relationship in the world of Lie. 

(in Deoxyribonucleic Acid. The chromosomes of all cellular 

■» •“ “" ir ' ,r ”’ i, >' fur,htr hig “ 8 "‘ 
ship of all organisms. enzymes are essentially alike in their 

(Hi) Enzymes. The digestive enzy xhey can be taken from 

•nature and action throughou t another. The enzymes are often 

one animal and safely adminis j n medicines. This 

taken from the sheep, pig, “ rel'ated to one another. 

shows that all the verte orm ones i e. secretions of ductless glands, 

(iv) Hormones. The horm /function in all the mammals. The 

resemble in their c h e™ “f ( ^ fi c i e n c y of insulin hormone in man can 
similarity is so close that the denc.ency ^ anima|s . 

toe made up by giving are almosf s i m j] ar 

(V ) Blood and Lymph ' J^gkaf ?ol ei n al 1 the animals. 

dn their composition and physiologic ^ digestion> respir a,ion, 

■muscle coEdraetiorf and*ransmission of nerve impulses is a.most similar 

Thf “S'.,.., m .h. ph,.,.,.,.... r»-~. I' "»■ ‘ h «’‘ 

that all of them have a common oof.. M>n b<> „„„ pr odoc= 

jgar^j 1 tiz&ksrT 

methods by which new types 01 
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produce new breeds in a short period, nature with vast resources 
and infinite time at its disposal can easily bring forth new species. 

TEST QUESTIONS 

1. Define the doctrine of organic evolution. Enumerate the evidences in favour 
of this doctrine. Discuss the one which in your opinion is the most convincing. 

2. Explain the following terms : — 

Fossil, Homologous Organs, Vestigial Organs. Phytogeny, Ontogeny, Connecting 
Links, Palaeontology, Stratified Rocks, Embryology, Missing Links. 

3. How will you account for the following 

(a) Frog passes through a fish-like stage in its life-history. 

(, b ) The embryos of birds have teeth. 

( c ) Duck-bill resembles both reptiles and mammals. 

(d) The fore-limbs of all vertebrates are basically alike. 

( e ) Animals have certain useless structures. 

4. Explain the formation of fossils. Name the great eras of the earth s history 
and state what animals were characteristic of each. 
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Organic Evolution 

(Theories) 


i in the living world has been 

The fact that tneie has been e ^* differ 0 n the way in which 

inheVitan^oftquired'chatarcters or 

La “ arC Darwin’s theory of natura. 

selection or Darwinism. 

3. De Vries’ mutation theory 

U» ** “! 

evolution. It ha* ’’drench"' biologist 

fc-ssr& 

namely, a ew , joberitance of 
characters. ana 

acquired character ■ jn the 

( 0 New Ne a e f al >afc« a te S new 

S’. 0 ”? it- Jh, auima. 

B-' ! r J S5i2S? rsatf-S- — »— 

habits involve tresn or 

disuse of others characters are acquired by ^heu^ 

environment. 
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{a) Use and Disuse of Organs. Use and disuse of organs affect their 
form, structure and mode of functioning. Continuous use of organs 
keeps them active and makes them larger and stronger. Permanent 
disuse of organs gradually make them weaker so that they finally 
disappear. 

( b ) Environmental Factors. The environmental factors like vari- 
ations in temperature, light, medium, food, etc. also affect the living 
things and produce changes in their bodies. 

The changes brought about by use and disuse of organs and by the 
influence of environmental factors in an individual during its life time 
are called the acquired characters. 

m Inheritance of Acquired Characters. The characters acquired by an 
individual as explaind above are transmitted by heredity to the next 
generation. In every generation fresh characters are acquired. With 
the result, after a number of generations, the species is modified into a 
new one. 


Explanation of the Theory. Evolution of animals according to 
Lamarck’s theory may be explained by citing a few examples from his 
own writings. 

(0 Giraffe. Giraffe is a mammal with very long neck and long fore- 
limbs. It has evolved from an ancestor with small neck and small 
fore-limbs. This ancestor happened to live in a barren place where 
leaves of the trees were the only food available to it. In making an 
effort to reach the leaves, it continuously stretched its neck and fore- 
limbs. This resulted in slight elongation of these parts. The increase was 
transmitted to the next generation in which further elongation occurred 
due to similar efforts. This process, after a number of generations, 
produced the present-day giraffe. 

i a ^ ^ 1 ^ t ^ . . . . . i . . g ^ swans, etc.) are con- 

sidered to have arisen from the terrestrial ancestors. They spread their 

toes widely and stretched the skin at their base in order to rest on water. 

This gradually developed a web between the toes. 

two parlr^ 6 S iulTv L a v n eMn°H S , 0f u he snakes were lizard-like reptiles with 
mammals which ^verelar op. ,n i bs ' These ancestors, out of fear of the 
crevices or holes and thirl? an ? moie Powerful, started living in narorw 

rJ rF' ™ ssfuK 

PCr “ arl y e t er diSU T S !; °*i thc . llmbs oaused Their disappearance' 1 S ‘ ender 

through continuous efforts ofTunntog t^wLch^ 0 ^'!? f present speed 
itself from its enemies. 8 to whlch 11 resorted for protecting 

the environment and new Tharar.r™ S ai : e ? ri : ated b y a change in 

theTcqulred 5 

against as well as in favour of the ’inSTnce' of ^"ired'ScS 
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Evidence Againt the Inheritance of Acquired Characters. A 
''German biologist, August Weismann (1834-1914) offered the greatest 
opposition to the inheritance of acquired characters. He put 
forward his theory of the continuity of the germplasm According to 
this theory, a multicellular animal consists of two types of cells .th 
germ cells which contain determents for all the heredita ry « garters 

in their nuclei and the somatic cells which harbour ‘ he "d use and 
the characters of a particular organ. The “ve no "nfluence on 

disuse of organs affect the somatic cells only. Th y reside only in 

the germ cells. This means that f q Ca t ic S ^ave no effect on 

the somatic cells. The variations in the s nerish with the death 

the germ cells. The somatic cells are mortal ^ 

of the animal. Thus, the acquired C r h Y^ orta Tand are passed on intact 

bearing them dies. The germ celb are t th P at the acquired 

from generation to generation. It, thereiore, 

characters are not inherited. cut G ff tails of 

Weismann’s view holds ^taUl carats were Vver born®Boring 
rats for about 80 generations bu by the Inc ij aQ women for 

of external ear (pinna) has b P has never be3n inherited) The 
several generations but this charac co h ntinued use 5ut they a/e not 
athletes develop powerful mu les by uss j an physiologist, trained 

a. s 

inhered by the next g enerat '° n . Inherita nce of Acquired Characters. 
'~^Cb) Evidence in Favour of Sometimes the somatic cells 

Weismann’s theory has its dark side a Ism Mm theQry This is seen 

produce the germ cells which . ® and regeneration in animals. A 

during vegetative propagation in pla which bears flowers 

pu ely somatic stem cutting.sprout m to a new P ^ off f the 

having germ cells. A part without reproduc whlch develops the re- 
medy of an earthworm into ® Dr iesch has shown theory that 

s5ff isa s 

Only then they can giv recent years. t 

to be true by the cytologist have sho wn that environment can affw 

Recently certain expenmen ;t „ nce Tower exposed s0ine P . 

Of the development of the r^P Their offspring. "generations. 

X-rays and certa Weismannism and experim otherW ise. 

The instances againsi heredity have revivea w* 
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Taking all the fore-going cases into consideration, it may be said 
that theie is more evidence against than in favour of Lamarckism. 
Lamarckism, consequently, does not provide a satisfactory mechanism 
for evolution. 

A 

II. .Darwinism. 

/The theory of natural selection was announced in 1858 by Charles 
Darwin and Alfred Russel Wallace, both having arrived at it indepen- 
dently. It was later explained by Darwin in his book “Origin of Species^ 
in 1859. This theory is based on the following factors ^ 

(/) Rapid multiplication, 

(ii) Limited food and space. 

(iii) Struggle for existence, 

(iv) Variations, 

(v) Natural selection or survival 
of the fittest. 

(vi) Inheritance of useful varia- 
tions. and 

(v/7) Formation of new species. 

(/) Rapid Multiplication. All 

animals and plants reproduce in a 
fixed geometrical ratio. They 
produe more offspring than can 
actually survive. A few examples 
are cited to illustrate excessive mul- 
tiplication of individuals. 

(a) Paramecium. Paramecium 
divides three times in 48 hours. 
With this rate, a single Paramecium 
will produce in five years a mass of 
Paramecia equal to ten thousand times the size of the earth. 

( b ) Cod. The cod fish may produce over a million eggs in a year. 
If all the eggs develop into fishes, in five years, the whole Atlantic ocean 
will be full of cods. 

(o) Elephant. The elephant is a slow breeder. It lives up to ninety 
years. It starts breeding at the age of thirty years. During its life time, 
it produces only six offspring. Yet, if all the young ones survive, a 
single pair would produce 19,000,000 elephants in 750 years. 

In spite of their enormous potentiality in natural conditions, the 
individuals of species remain more or less constant. This is because the 
great majority of potential offspring die. 

(ii) Limited Space and Food. Increase of population in animals 
and plants requires more space and food. The space in the universe 




ORGANIC EVOLUTION (THEORIES) 


489 


least does not increase proportionately. 

competition among 0 f its basic needs, namely, suitable 

S'e «o cat, 

S-jSfcSS. SrC-S^ existence is three fold for every 
individual , struggle between the indivi- 

(a) Intera-specific Struggle^ Th ^ keenest g form of struggle as the 

duals of the same secies I ies are identjca1 . This struggle 

needs of the mdividua th 0 e f efforts of tv , 0 dogs for a piece of meat, 
may be examplifie y . the str)j22 i e between the indivi- 

IS) 'Tl'Ifmdi "' 8 TSh sTruggle « ilMn— b, U» '»>"• of « 

- •*£ „ lhe with 

the ( ct nges Vi ,™ env, n ronme r n U .af factors like heat, cold, drought, oo , 

storm, famine, light, etc. . f n ature Every individual varies 

, /v ) Variations. Variation '^^'^"^Even.he" offspring of the 
in some respects from others of its sp ^ the identical twins. Th~ 

in some f never exactly a,lke exc ^, tence c f variations. 

gSfesgSas 

"'Tv) datura. Sdtodojj « ^^^‘''favoumble v«£onTv|power 

SSSTSSJ-t them or with ; ^oumWe^. The overpowered 


BiiSPi 

check on the population of amm Thc indivi d u als, after their 

(/v) Inheritance of Useful JJ™ {qt ex j ste nce, pass on t J leir .^ ef ^ 
selection by nature^ gg Darwi „ did ^diff^c 

variations discontinuous variations. H j-fj s inheritable 

In this respect Darwin 

agreed'witb* Lamarck. 
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(vtf) Formation of New Species. It has been pointed out that the ^ favou- 
rable variations are transmitted to he e^P^eedTng generation, 
become more and more prominent in each succeeding IS that 

After a number of generations the variations becom 

their possessor turns into a new species. New species, thus, y 

gradual modification of the older ones. 


Summary of the Theory 

Factors 


I. 

1. 

Rapid Multiplication 


2. 

Limited Food and Space 

II. 

1. 

Struggle for Existence 


2. 

Variations 

III. 

1. 

Natural Selection 

2. 

Inheritance of useful 
variations 



] 

i 

v 

j 

"i 

} 


Consequences 

Struggle for Existence 

Natural Selection 
Or 

Survival of the fittest 
Formation of new Species 


,„.S“'SLr 

plant^life. It, however, has evidence both for and against it. 

Artificial Selection. A close parallelism exists between natural 
selectionfand artificial selection. Man, in breeding experiments on use- 
ful animals, selects individuals with desired traits and separate th 
from those which do not possess such characters. Jhe selected one^ 
are permitted to mate among themselves. After repeaung thi P»« 
for the few generations, a new breed of the animal is formed. In th . > 

man has beL able to produce several varieties of domestic animals 
like dogs, horses, pigeons, poultry, cows, sheep, P'g?>etc. f [°“ ™ 
wild ancestors. If man can produce new vanettes or breeds in ^^°“ 
period, nature with its vast resources and very long time at its disposal 

can easily produce new species by selection. 

(//) Mimicry and Protective Colouration. The remarkable cases of 
mimicry and protective colouration found in certain animals are toe 
product of natural selection. They could reach their present stage 
perfection only by gradual change side by side with the evolution 

models and predators. 

(///) Corelation between Nectaries of Flowers and Proboscis of Insects. 
Position of nectaries in flowers is wonderfully related to the length ot the 
proboscis of the insects that pollinate them. This relation between 
two different organisms cannot develop suddenly. It can evolve only 
gradually as envisaged by the theory of natural selection. 

( b ) Evidence against the Theory. The theory does not explain 
certain facts of life. Darwin himself confessed, “Natural selection has 
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been the main but not the exclusive means of modification.” The 
points not explained by the theory are 

(0 Inheritance of Small Variations Darwin held^that Mall wn- 

SSr tjs 7otl 

sssssi-w "sS&aSKt 

“en HHSraf .H 

any 

"'‘^“Perpetuation of VestUjal Organs^ Acting to the theory f of 

S° rve no funcbon, yet they are he.n g 

preserved generation after certain anima i s some organs 

( Hi) Over-specialization of Organ . antlers of deer, 

have developed beyond ‘he Jttge 0 f u efulnes s * Qg U5eful to the ,r 

S^ff^ra^ 0 ^ ’daily life. There is no room for 

their selection in Darwin s theory^ aria tions Darwin’s theory 

/;.a r ac k of Reasons that Produce V useful variations. 

must be 1 n a a j r ect i ve factor 0 rat he r than a creat.ve one. 
a restrictive and airecuv exolain certain 

aarf - feg 

rsrsSisrD. w •*> ,h “ 

U| 19 °D. Vries’ Mutation Theory- convinciQg loo . [t was put for- 
Mutation theory is very recent . y r j es w ho lived from 1 8 


492 


ZOOLOGY 


kiana ) which grew wild near his garden. He observed that among 
the numerous normal plants of Evening Primrose having small 
variations, there were a few with wide departures from the normal 
type. He took a normal plant and raised its seeds by self- 
pollination. On growing these seeds, he found that the majority of the 
plants were normal like their parent and showed only minor variations. 
A few were, however, quite different from the parent in many charac- 
ters. The markedly different plants were found to breed true. They gave 
rise to a few still more different plants in each generation. From this 
De Vries held that the new types were appearing in Evening Primrose 
and that he was actually seeing evolution going on. He called the 
marked differences ‘mutations’ and the plants bearing them ‘mutants’. 
He found that the mutations appeared suddenly and were inherited by 
the offspring. His experiments are briefly expressed below : — 


Normal Plant 
Self- I PollinatioD 


Jf- J r 

Seeds 
✓ \ 

X \ 


s 

/ 

Normal Plants 
(Majority) 


Plants Very Different Plants 
ority) (Fewer) 

Self | PollinatioD 
Seeds 

/\ 

X \ 

/ \ 

✓ \ 

Very Different Plants Still More Different Plants 
(Majority) (Fewer) 


Criticism of the Theory. Like other theories of evolution, mutation 
theory also has points both in favour of and against it. 

{a) Evidence for the Theory. Mutations do occur in nature in the 
way held by De Vries. A few examples of mutations which appeared 
suddenly in a fully developed state are mentioned below 

(1) The Ancon sheep, a short-legged variety of sheep, was produced 
by an ordinary sheep in a single generation in 1891. 

(2) The hornless or polled Hereford cattle were produced by normal 
cattle in 1889 in a single generation. 

(3) The hairless cats, dogs and mice have arisen from the normal 
parents in a single step. 

All these mutation are inheritable. 


ORGANIC EVOLUTION (THEORIES) 


493 


(b) Evidence against the Theoy. The main short-coming in the 
mutation theory is that the mutations are of rare occurrence. It, there- 
fore, seems doubtful if all the multitude of animal and plant species 
could appear by mutations. 

Moreover the cases of amazing resemblance of the mimics with their 
models, harmonization of animal colours with their surroundings and 
relationship .between position of nectaries in flowers and length of 
proboscis in their insect pollinators cannot be imagined to have deve- 
loped all of a sudden by mutations. 

The discussion of the theories of evolution given above indicates 
that no single theory fully explains the mechanism of evolution. The 
modern view about the mode of evolution is that probably evolution 
occurs by natural selection which operates on discontinuous evolution 

or mutations instead of small variations as held by Darwin. This is a 
reconciliation between Darwin’s and De Vries’ theories and is called 
Neo-Darwinism or Neo-Darwinian theory of evolution. 

TEST QUESTIONS 


What are the 


1 Enunciate the theories of Organic Evolution and explain the one which in 
your opinion is the most convincing. 

2 Give an account of Darwin’s theory of Natural Selection. 

objections to it ? 

3 What is Lamarckism ? 

Slate and explain the Mutation Theory of Evolution. 

5 Discuss Weismann’s theo.y of the continuity of germplasm, 
throws on Lamarckism ? 

6 What are Neo-Darwinism and Neo-Lamarckum ? 


What light it 
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The terms given below are taken fr om this text. 

A 

Abdomen. Part of the body behind the thorax and with principal 
.digestive organs. Hindermost part of the insect body. 

Abducent nerve. The sixth cranial in vertebrates. 

Absorption. Passage of dissolved material through the mucous 
membrane of gut into blood and lymph vessels. 

Accommodation power. Ability to change the focus of the eye to 

see objects at varied distances. 

Acetabulum. A cup-like depression on either side of the pelvic 
girdle for articulation of the head of the femur in tetrapod vertebrates. 

Acinus. A multicellular gland or a small sac in a lung. 

Acquired character. A character developed by an individual during 
ats own life. 

Adaptation. Ability of living objects to adjust themselves. 

Adipose tissue. Fatty tissue. 

Adrenal gland. A ductless gland on or near each kidney. 

Adrenalin. A hormone secreted by the medulla of the adrenal glands. 

Afferent. Incoming duct or nerve to an organ. 

Air-bladder. A gas-filled organ associated with the alimentary canal 
in bony fishes. 

Alimentary canal. A digestive tract or a tube pertaining to food. 

Allantois. An embryonic structure found in reptiles, birds and 
mammals. 

Allelomorph (or Allele). One member of the pair of contrasting 
•characters. 

Alternation of generations. An alternation of sexual and asexual 
generations in the life-cycle of an organism. 

Alveolus. A small sac or pit such as air-sac in the lung of a higher 
vertebrate. 

Amitosis. Direct division of a cell without chromosomal activity. 

Amnion. An inner embryonic membrane in a terrestrial vertebrate. 

Amoeboid movement. Locomotion by pseudopodia as in Amoeba . 

Amphiaster. A complete mitotic figure in a dividing cell. 

Amphibious. Capable of living both on land and in water. 
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Amphimixis. Mixing of nuclear material from two different cells or 
orgnisms. 

Ampulla. A sac or bulb-like dilatation. 

Amylase. An enzyme secreted by pancreas, converts starch into 

SUS Anabolism The building up phase of metabolism. 

Analogous. Similar in function but different in structure and origin. 

Anaphase. Stage of mitosis when the chromatids separate and move 

to the opposite poles of the spindle. 

Anatomy. The science that deals with the structure of organic 

k^Antenna. A sensory appendage on the head of certain Arthropods. 
Anterior. A front or head end of the body. 

Anus The posterior opening of the alimentary canal. 

Appendicular skeleton. Portion of the skeleton comprising girdles 

and Aorta b °The largest artery, carries blood away from heart. 

A tic arch The largest artery arising from the heart in vertebrates. 

Appendage. A movable projection from the body of an animal. 

Aouatic. Pertaining to or living in water. 

Aqueous humour. A watery fluid present in aqueous chamber of 

thC ,l Pertaining to or living on trees. 

^lar tissue. A type of connective tissue in vertebrates with white 

and yellow fibres. branch of an arte ry. 

ATt ' A blood-vessel carrying blood away from the heart. 

Ar ‘ ery . reproduction. Reproduction without sex cells. 

Ase * .’on Conversion of digested food into protoplasm. 

Assimi a i • and thc centriole in a mitotic figure. 

AstCr * s « A condition in which two sides of an animal are 

Asymmetry. ^ 

dissimilar. firs( verte bra modified for articulation with the skull. 

AllaS ' Receiving chamber of the heart. 

At "“® v pertaining to the organ of hearing. 

Au ' Chamber of the heart that receives blood from the veins. 
Auricle ^ ncr r 0US system. A part of the nervous system that 

con ^Set V o 0 n Unt The part®?' the vertebrate skeleton lying in the 

main axis °^ th g r y°. C ell process that carries impulses away from the 

Axon. A n 

ceil* 
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B 

Backbone. The vertebral column . 

Bacteria. Unicellular, microscopic plants lacking chlorophyll and 
definite nucleus. 

Baleen. The whale bone, transverse plates of bone hanging from 
the upper jaw in the mouth of toothless whales. 

Barb. Lateral process given off from the main-axis (rachis) of a 
feather in birds Small spine-like process present at the base of thread- 
like filament of a nematocyst. 

Barbule. A process of a barb in a feather. 

Biconcave. Bulging inwards on both sides. 

Bicaspid valve. A valve of two flaps guarding the left auriculo- 
ventricular aperture in the mammalian heart. It is called Mitral valve. 

Bilateral symmetry. A condition in which right and left halves of 
the body are mirror images of each other. 

Bile. Secretion of liver in vertebrates. 

Binary fission. An asexual type of reproduction in which an orga- 
nism divides into two apparently equal halves. 

Binary nomenclature. A system of naming animals in which each 
species receives two names, the first being generic, the second the 
specific. 

Biogenetic Law. Repetition of ancestral stages in the development 
of an individual. 

Biology. The science of life. 

Biradial Symmetry. The condition in which an animal has radially 
arranged parts that lie half on one side and half on the other side of a 
median longitudinal plane. 

Bisexual. Pertaining to both male and female reproductive organs. 

Bladder. A thin-walled sac containing fluid or igas, e.g . urinary 
bladder ; air-bladder. 

Blastostyle. A pillar- like individual of a hydroid colony that forms 
the medusa buds. 

Blastula. A hollow sphere of cells, resulting from the cleavage of 
the egg. 

Blind spot. The point where the optic nerve pierces the retina of a 
vertebrate eye. 

Blood. The fluid that circulates in vascular system of many animals. 

Blood corpuscles. The cells present in the plasma of the blood. 

Blubber. A thick layer of fat beneath the skin to prevent the loss of 
heat in aquatic animals like whales, seals. 

Bowman’s capsules. (After Sir William Bowman, English Physician) 
A cup-shaped end ot a urinary tubule of a kindney. 

Brachial. Pertaining to the upper part of the fore-limb of a verte- 
brate. 
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Branchial. Referring to gills. 

Body-cavity. The space between the body wall and internal organs. 
Bone. A hard skeletal tissue peculiar to vertebrate. 

Botany. The science of plant life. 

Brain The anterior enlarged part of centra, nervous system 
Breed true. To produce all the offspring with the same characters 

" Brondius.^One of the two main branches of the trachea in lung- 
breathing vertebrate. 

Buccal cavity. Mouth cav. J -• ^ ^ form # ncw individual. 

Sdin P g art A re a pro a dSin in which new ind.vidua, arise by buddmg. 

sr* * v--* 

A blind -id. *' ° f ,h ' 

Calcaneum. doHime or calcium salt*. 

Calcareous. C p either side of the jaw. 

Canine teeth Pointed teeth, on^ ^ ^ thjck wal|> connecting 
Capillary. A minui 

artery and vein. head or front end of the ep.d.dymis, 

Caput e P .d. r . eieton ^ the cephalothorax in crustaceans of the 

dorS r pa?t U oV the shelMn Cheloma. ^ includes the sugars and 

Carbohydrate. 

Star Ca e rdiac. Referring to the heart. 

Carina. Keel. ljve animal material or 'flesh. 

Carnivorous^ Fe ^ d h " b pri ncipal artery carrying blood to the head. 

cS' S 7?lihe b frii»b containing carpals, i.e. wrist. 

Carpus, rar connective tissue. 

Cartilage. A km developed in the pre-existing cartilage (It is 

Cartilage, bone. 

als o called replacing bon b ^ or breaking down phas. of 

Catabolism or Katano 

metabolism- of butterflies and moths. 

CaterpiH ar * 1 ne 

Caudal. Referr ‘ n ® '“j ^m containing a nucleus or unit of structure 
Cell. A mass ot proi i 

a nd function in orgj 11 ?™ ’ or consisting of cells. 

Cellular. Per i a, " ing that all living objects are composed of cells. 
Cell theory. The 
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Central canal. Cavity of the spinal cord. 

Central nervous system. The portion of the nervous system including 
brain and the spinal cord. 

Centriole. A small granule within the central part of the aster in 
the mitotic figure or a minute granule of the centrosome. 

Centrum. The spool-like body of a vertebra which bears various 
processes 

Cephalic. Pertaining to or towards the head. 

Cephalothorax. Part formed by fusion of the head and thorax. 

Cercaria. One of the larval stages of flukes. 

Cerci. Paired jointed appendages at the end of abdomen in some 
insects. 

Chelicerae. The anterior appendages of arachnids. 

Cerebellum. A part of hind brain. 

Cerabral. Pertaining to the vertebrate brain. 

Cerebral hemisphere. Part of the fore-brain behind the olfactory 
lobes. 

Chiasma. The crossing. 

Chaeta. A bristle-like structure in the body-wall of many annelids, 
used as organ of locomotion. 

Chitin. The nonprotein material secreted in the exoskeleton of 
arthropods and some other animals. 

Chlorophyll. Green pigment in most plants and few animals, active 
in photosynthesis. 

Choloroplast. The chlorophyll-bearing body. 

Chordae tendineae. Thread-like cords connecting the values to the 
ventricular walls of the heart in mammals. 

Chordate. Pertaining to or member of the phylum Chordata 

Chorion. An outer embryonic membrane in mammals. 

Choroid. The middh vascular coat of vertebrate eye-ball between 
sclerotic and retina. 

Chromatin A dark staining’ material of the nucleus of the cell. 

Chromosome. A dark staining body formed during cell division. 

Cheysalis. Pupa of a butterfly. 

Chyme. Semifluid condition of the food leaving the stomach. 

Cilia. Hair- like cytoplasmic processes, used by certain protozoans 
for locomotion. 

Circulation. Movement of blood or lymph in a body. 

Class A main subdivision of the phylum. 

Clavicle. The human collar-bone. 

Cleavage. The division of the zygote into cells. 

Ciitellum. A thickened glandular portion of the skin of an earth- 
worm, used in the formation of the cotheca. 
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Chromatid. One of the two parts of a chromosome during mitosis 

Chromomere. One of the bead-Jike granules on a chromosome. 

Cloaca. Common cavity at the posterior end of the body into which 
the intestinal, urinary and genital canals open. 

Clypeus. A chitinous plate covering the head of insects. 

Cnemial crest. The ridge on the front face of tibia. 

Cnidoblast. A type of cell in coelenterates which develops sting or 
nematocyst 

Cnidocil. A small hair-like process projecting from the cnidoblast. 

Cocoon. A covering that protects a mass of eggs, larva, pupa or 
even the adult stage of certain animals. 

Coelenteron. A single cavity of coelenterates ; also called gastro- 
vascular cavity. 

Coeliac. Pertaining to abdomen. 

Coelom. Space between the body wall and the viscera. 

Coenosarc. The inner cellular part of the hydroid colony. 

Cochlea A division of the inner ear, coiled in higher vertebrates. 


Colleterial gland. The gland that provides material for the prepa- 
ration of cocoon in cockroach. 


Colloid. A state of matter m which particles larger than single 
molecules are distributed in liquid medium. 

Colon. A part of large Intestine. 

Colony A group of individuals. 

Cold-blooded Having blood at environmental temperature. 


Commensalism An association of different species of animals in 
which at least one benefits without harming the other. 

Commissure. A strand of nerve fibres joining two similar centres or 


ganglia- 

Compound eye. Eye composed of numerous facets. 

Conjugation A temporary union of two acellular organisms for 

mutU al exchange of nuclear material. 

foniunctiva The thin layer of raucous membrane that covers the eye 
ball in front and lines the eyelids. 

Connective tissue. A tissue that binds the tissues together. 

Copulation The sexual union of male and female individuals. 

Coracoid. A bone of the pectoral girdle. 

Cor a |. Calcareous skeleton of certain coelenterates. 

rn ea. The transparent external layer of the eye-ball. 

Coronary. Pertaining to the blood-vessels of heart muscles. 
r rous albicans. A small swelling behind the pituitary body in 
mmalian brain. 

1113 Corpora bige nlina ^ wo P arts an optic lobe in mammalian brain. 
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pair of 


thyroid 


Corpus callosum. A band of nerve fibres uniting the cerebral 

hemispheres. . . 

Corpus cavernosum. A hard structure in a penis in mammals. 
Corpuscle. A minute structure as blood corpuscle. 

Cortex. The outer part of an organ. 

Cowper’s glands. (After English anatomist Cowper). A 
glands opening within the urethra of male in mammals. 

Cranial. Pertaining to skull or brain. 

Cranium. The skull or the brain case. 

Cretinism A disease caused by the abnormality of tbe 
^^Cribriform plate. The perforated front wall of the brain case. 

Crop. Enlargement of digestive tract for temporary storage of food. 

Cross fertilization. Fusion of gametes from different individuals. 
Cross-breeding. Mating of two individuals having no family rela- 
tionship. 

Crossing over. The process in which homologous chromosomes 
break and exchange corresponding segments. 

Crura cerebri. Two longitudinal bands of nervous matter in the 

brain. 

Cutaneous. Pertaining to skin. 

Cuticle. A thin non-ccllular external covering of an organism. 

Cyst. An organism enclosed in a thickened resistant wall. 

Cvsticercus. The bladder worm or enclosed stage in the life- history 
of tapeworm. 

Cytology. The science that deals with the structure and functions 
of cells. 

Cytoplasm. The protoplasm of the cell without the nucleus. 

Cyclosis. The rotary movement of the protoplasm in certan cells. 

D 


Dactyle. Pertains to finger or toe. 

Dendrite. A process of a nerve-cell that conducts impulses towards 
a cell body. 

Dental formula. The formula which expresses the number of each 
kind of teeth in a particular mammal. 

Dentary. The only bone of the lower jaw in msfnmaW, one of the 
several bones of the lower jaw. 

Dentine. The material which composes the principal mass of a tooth. 

Dermis. The deeper layer of the skin. 

Deutoplasmic. Pertaining to non-living substances in a cell. 

Diabetes. A disease due to deficiency of insulin. 

Diaphragm. The muscular transverse partition which separates the 
thorax from the abdomen in higher vertebrates. 
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Diencephalon. The part of brain behind the cerebrum. 

Digestion. Process of preparing food for absorption. 

Digit. A finger or toe. 

Digitigrade. Walking on the toes. 

Dihybrid. The progeny of parents that differ in two characters. 

Dimorphism. Difference of forms such as in size, structure, colour 
and form etc. between two types of individuals of the same species. 

Dioecious. Separate male and female individuals of the same 
species. 

Diploblastic. With two germ layers. 

Diploid. Having the chromosomes in pairs. 

Distal. Away from the point of attachment. 

Diurnal During daytime. 

Diverticulum. A sac-like outgrowth from a tubular organ. 

Dominant. In genetics, a member of a pair of genes which manifests 
itself even when its contrasting gene is present. 

Dorsal. The upper side. 

Ductless glaud. A gland that pours its secretion directly into the 

blood. . 

Duodenum. Anterior part of small intestine. 

Dura mater. The outermost membrane that covers the brain or the 
spinal cord. 

Dysentery. A disease caused by Entamoeba histolytica. 

E 


organism 


Ecology- The study of an organism in relation to its environment 
Ectoderm. The outer layer of cells in an embryo. 

Ectoparasite. A parasite living on the outside of the body of host. 
Ectoplasm. The outside layer of protoplasm in a cell. 

Efferent. Leaning or conducting away from an organ. 
v The female gamete or ovum produced by a female 
Fiaculatory Duet The semen carrying duct. 

Flvtron. Modified front wing of beetles. 

hrvo An organism in an early stage of its development. 

pbryology The study of develo P ment of an organism. 

Em „i The hardest whitish substance that covers the crown of a 

jooth 

vertebrate enclosed in a sac or cyst. 

ED cyst. 1 u & 

« eland. A ductless gland that pours its secretion or 
End ° dir^ly into the blood, 
hormone The study of ductless glands. 

Endocrinology- 
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Endoderm. The inner cell layer of the wall of the gastrula and its 
later derivatives. 

Eudolymph. A watery fluid, filling the internal ear. 

Endoparasite. A parasite living within the body of its host. 
Endopodite. An inner part of a biramous appendage in certain 
arthropods. 

Endoskeleton. An internal supporting framework of an animal. 

Enteron. The intestinal or digestive cavity. 

Entomology. The study of insects. 

Environment. The surroundings of an organism. 

Enzyme. A substance produced by living cells that causes specific 
chemical changes. 

Epidermis. The outer cellular layer of skin. 

Epididymis. A long coiled tube attached to the testis in mammals. 

Epiphysis. The pineal body or end of a Jimb bone. 

Epiglottis. A flap guarding the opening of the wind pipe. 

Epithelium. A layer of cells covering a surface or lining a cavity. 

Erepsin. An enzyme mixture secreted by the intestinal glands. 

Erythroevte. A red cell of the blood. 

Estrogen. Female hormone secreted in the ovary. 

Eugenics. The study of improving human race by the application of 
knowledge of heredity. 

Eustachian tube. The passage between the middle ear and pharynx. 

Evolution. The gradual change of simple forms of life into complex 
forms. 

Excretion. The elimination of nitrogenous waste material. 
Exopodite. The outer part of the biramous appendage of certain 
arthropods. 

Exoskeleton. The external supporting structures of an animal. 
Expiration. The elimination of air from the lungs in a vertebrate. 
Extracellular. Outside the cell. 

F 

Fi, F 2 . Abbreviations for the first and second filial generations. 
Facet. A small articular surface on a bone. 

Faeces. The waste material eliminated from the alimentary canal. 
Fallopian tube. The mammalian oviduct. 

Fang. Hollow or grooved tooth of a poisonous snake for injecting 
poison. 

Fauna. The animal life of a region. 

Femoral. Pertaining to leg. 
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Fenestra. A spot on the head of an insect near the antenna. 

Fenestra ovalis. An oval opening in the bone between the middle 
and inner ear. 

Fenestra rotunda. A round opening in the bone between the 
middle and inner ear. 

Ferment. See enzyme. 

Fertilization. The fusion of gametes of opposite sexes or union of 
egg and sperm. 

Fibre. A greatly elongated thread-like cell. 

Fibril. A small fibre. 

Fibrin. An insoluble protein precipitated as threads in a clotted 
blood. 

Fibrinogen. A protein substance in the blood that is changed to 
fibrin during clotting. 

Fin rays. Supporting rods of the fins. 

Fission. Divison into two or more parts. 

Fissure. A groove. 

Flagellum. A long whip-like cytoplasmic process of a cell or single- 
celled animal. 

Flame cell. A hollow excretory cell. 

Flocculus. One of the lateral lobes of the cerebellum in the brain 

° f F^r'a.’ P The n plant-life of a region. 

Foetus. A post-embryonic or advanced stage of a mammalian 

Foetal membranes. Amnion, chorion and allantois. 

Follicle A covering of cells round egg or hair base. 

Foramen. An opening in a bone for blood vessel or nerve. 
v A small depression in a bone. 

? “. m, or impressions of p.sl life prosorvod in roots. 

SS'UT Not parasite or 

G 

a email sac associated with the liver to store bile. 
^ a " e b .e dd A mature sex cell, sperm or egg. 

,,is The process of gamete formation. 

G * me Z A mass of nerve cells on a nerve. 

Ganglion. to stomach. 

Gastric. Pertaim g coelenterates functioning both for 

Gastro-vascular. A 

digestion and c, £ a J l ° d embryonic stage. 

Gastrula. A iwu 
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Gene. An ultra-microscopic unit of inheritance located on a 
chromosome. 

Genetics. The study of inheritance of characters from one generation 
to another. 

Genital. Pertaining to the reproductive system or organs. 

Genus A group of several related species or subdivision of a family. 

Geology. The study of earth. 

Germ cell. Gametes or cells which produce gametes. 

Germ plasm The protoplasm of the germ cells 

Germinal epithelium. The epithelium of ovary or testis. 

Germ layer. One of the primary cell layers in an embryo. 

Germinal variation. The variation due to some change in the germ 

cell. 

Gestation The period between fertilization and birth of offspring 
in mammals. 

Gill. An organ for aquatic respiration. 

Gill arch. The wall bearing gills. 

Gill slit An aperture in the pharyngeal and body walls of chordates. 

Gizzard. A muscular organ in the alimentary canal of animals like 
earthworms, insects and birds. 

Gland. An organ of secretion or excretion. 

Glenoid cavity A socket on the pectoral girdle for articulation of 
bone of upper arm. 

Glomerulus. A mass of coiled capillaries in Bowman’s capsule of the 
vertebrate kidney. 

Glossa. A portion of the mouth parts of certain insects . 

Glottis. The opening from the pharynx into the trachea. 

Glycogen. A kind of carbohydrate food stored in liver and muscles. 
It is also called animal starch. 

Goblet cell An epithelial cell that secretes mucus. 

Goitre. Morbid enlargement of thyroid gland leading to swollen 
neck. 

Golgi bodies. A group or network of rod- like structures in the 
cytoplasm near the nucleus. 

Gonad. Reproductive organ like testis or ovary. 

Gonangium. The reprod active individual of a hydroid colony, 

Gonotheca. The covering of gonangium or blastostyle. 

Graafian follicle. A cellular covering of the mammalian ovum in 
the ovary. 

Gregarious. An animal that li\es in a group of similar animals. 

Grey matter. A pari of the brain and spinal cord containing nerve- 
cells and nerve-fibres both. 

Gullet. Another name for oesophagus. 

Gut. Alimentary canal. 
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H 

Habitat. The natural dwelling place of an organism. 

Haemocoel. The body-cavity containing blood or blood space. 
Haemoglobin. A protein pigment of blood capable of absorbing 
oxygen and is red when combined with it 

Hair follicle A deep pit of epidermis round the root of hair. 

Ha lux The first or inner digit of the hind-foot in tetrapoda. 

Haploid. The reduced or halved number ot chromosomes. 

Haversian canals. Tubular cavities in the bone containing blood- 

vessels and nerves. T ,. im n 

Haversian system. All the lamellae ( lacunae and canal.cuh) round 

a Haversian canal form the Haversian system. 

H^reii^° U Tlie^Uidy^ , f*transmiss'i 1 on* 3S of n characters from parents to 

^Hermaphrodite. An individual possessing both male and female 
reproductive organs. 

“ un " ke 

f0 ' ^2 The »i»« * d ” , ”“ “ 

lobe- The ven,™, lobe of ce,ebe„ i" 

mammalian brain. 

Histoloev The study of tissues. 

Histol gy Having complete matamorphosis. 

Holometaboious. H i chromoso mes bearing the genes of the 

Homologous chromosomes. 

bame characters. structurally similar, functionally 

Homologous organs. Organs 

different. ion jn which an individual has two 

Homoyzygous. A 

«■“ ° ! * -tl— » * du “' c ” 

Hormone. A cneim 
int °Hu h mo b ur d F.uidofa vertebrate eye. 

Hyaline. Clear. 

Hybrid ' h S %L e Towe y r 8 r k e feeding polyp of a hydroid colony. 

Hydro id. Sg part of the hydroid colony. 

Hydrorhiza. 



506 


ZOOLOGY 


Hydrotheca. The protective covering of the polyp. 

Hypostome. The structure below and surrounding the mouth in 
coelenterates. 


I 

Ileum. The last portion of the intestine. 

Iliac artery. An artery of the hind limb. 

Ilio-Iumbar artery. The artery carrying blood to the back muscles 
in the pelvic region. 

Ilio-lumbar vein. The vein returning blood from the muscles in the 
pelvic region. 

Imago. The adult insect. 

Impulse. The message carried by a nerve. 

Inbreeding. The mating or crossing of closely related individuals. 
Incisor. A front tooth of mammals, designated for cutting. 

Incomplete dominance. The equal appearance or blending of two 

unlike characters in the offspring resulting from a cross of these charac- 
teristics. 

Incubation period. The interval between infection and appearance 
ot symptom of disease. 

Incus. The anvil-shaped ear ossicle. 

Independent assortment. Segregation of characters independently of 
other characters. r J 


Infundibulum. A down pushing of the diencephalon of the brain. 

Ingestion. The taking of the food by an organism. 

Inguinal canal. The passage between the abdomen and scrotal sac 
Insectivorous. Insect-eating animal. 

Instar. Larval stage between two moults as in the development of 


Insulin. Hoimone secreted by islands of Langerhans of the 
Integument. The skin. 

Intercellular. Between the cells. 

Intercostal. Between the ribs. 


pancreas 


Intermediate host, 
part of the life history. 


The host in which the parasite spends the asexual 


Interstitial celle. The cells of testes which secrete sex hormones 
vcrtebr e ae VertCbral diSC ‘ A [>adc of fibro-cartilage between the 


two 


Intestine. Portion of alimentary canal extending beyond the stomach. 
Intracellular. Inside or within the cell or cells. 

Intra-specific. Among the individuals of the same species. 
Invertebrate. An animal without the vertebral column. 

iris. The coloured part of the eye perforated by pupil. 

Irritability. The ability of living things to respond to stimuli. 
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Islands of Langerhans. Parts of pancreas which act as ductless gland 
to secrete insulin. 

J 

Jugular Pertaining to neck. 

K 

Karyokinesis. Mitosis. 

Karoysome. A part of the chromatin which forms a distinct body in 
the nucleus. 

Katabolism. (See catabolism). 

Keel. A thin plate like projection from the ventral surface of the 
sternum in a bird. 

Kidney. A glandular organ which excretes urine. 

L 

Labial’ Pertaining to lips. 

Labium. The lower lip of an msec . 

Labrum. The upper lip of an insect. 

Labyrinth. The internal ear 

Lacuna* 1 * 1 A “mall ^aceTn cartilage or bone containing cell during 
life. 

animals. 

I irvnx. The voice box. 

Lens”' A suneture just behind the pupil m a vertebrate 

Leucocyte. A white blood ^P^ g|allds . 

Liber Kiihn's glands. The m test b ; blood lo the spleen and 

Lienogastric artery. The artery fi 

stomach. f the egg to the adult ot an organism. 

^ - 

bo lb“'- 

LiVCr h A The 8 pan o'f the body just behind the thorax. 

Lumbar. The P fatu bular organ. 

Lumen. A cavi y ^..oan of tetrapods. . 

Lung. The air-breathmg g c P ates , n t|)e lymph vessels. 

Lymph. A colourless hqmd ^ ^ and vessels carrying lymph 

Lymphatic system. A sy 
into larger veins. 
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M 

Macrogamete. Tbe larger or female gamete. 

Macronucleus. The larger nucleus found in some protozoans. 

Maggot The Legless larva of a fly. 

Malleus. The hammer-like ear ossicle in mammalian ear. 

Malpighian body. Structure in the vertebrate kidney composed of 
Bowman’s capsule and the glomerulus. 

Malpighian layer. The innermost actively dividing layer of epidermis 

Mammary gland. The gland of female mammals that produce milk. 
Mandible. A jaw, the lower jaw in vertebrates; either jaw in an 

arthropod. 

Mantle. A fold of body-wall which envelops the soft parts of a 
mollusk and seeretes the shell. 

Manubrium. A cylindrical structure in the centre of the subumbrellar 
surface of a medusa, bears mouth. 

Manus. The hand 
Marine. Pertaining to sea. 

Mastication. The chewing of food. 

Matrix. The intercellular material or ground substance of a tissue. 
Maxilla. A mouth-part in certiin Arthropods. 

Meatus. The external auditory canal. 

Mediastinum. A central space in the thorax of mammals between the 
lungs containing heart, great vessels, oesophagus and trachea. 

Medulla oblongata. The hinder most part of the vertebrate brain. 
Medullary sheath. A layer of fat between the neuraxis and neuri- 
lemma of medullated nerve-fibre. 

Medullated nerve-fibre. The nerve-fibre with medullary sheath. 
Medusa. The sexual stage of some coelenterates. 

Meganucleus. The larger nucleus. 

Meiosis. A cell division in which number of chromosomes is halved 
Melanin. The black pigment. 

Membrane bone A bone which i^» formed in connective tissue. 
Membranous labyrinth. The internal ear. 

Merozoite. An individual formed by the division of schizont. 
Mesenteric. Pertaining to the mesentery 

Mesoderm. The middle layer of embryonic cells between the 
ectoderm and endoderm. 

Mesogloea. The middle non-cellular jelly like layer in coelenterates 
like Hydra. 

Mesothorax. T he middle segment of the thorax in insects. 

Metabolism. The sum-total of the process of building up and 
tearing down of protoplasm. 

Metacarpal. Proximal bone of the hand. 
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Metagenesis A Herndon of generations. 

One of. structure occurring in the life- 
Metamorphosis. A sudden 6 (o an adult 

history of an organtsm fro-n ^ which the chrom osomes are 

Metaphase. The , s tfnine 

afr Metatarsals^ VroM b “ e8 ^ multicellular animals. 

Kga m e£ U Titesm^or samete. 

SSSSS-. T ^:"^at can he seen with the aid of a 

^M^eetb The first or ^ 

r-Sun, RC The first in the cytoplasm. 

M :‘° s t° n Cel. dWUions during which the chromosomes are duplicate 
and^separate upon a spindle. 

Mitra. valve. The btcu P .d valve- ng fooJ 

M0l3r . A "Bisluiror having both male and female gonads in the 
Monoecious. Hisexucu 

same individual. arents differing in one character. 

Monohybrid. Tl« ■**"»- J m of an o,,^ 

Morphology , embryology- 

m— ■ A CT £22 — “ froi " 

Motor nerve- The 

s,K - r zz * » — 

Mucus. A slipp y cells. 

Musculo-epithclial cells 

or su dd en change in 

a Tphenotypic modtficafion. 
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Naiad. An aquatic gill-breathing nymph or larva. 

Nares. The openings of nasal cavities. 

Natural selection. Darwin’s theory of evolution or the elimination 
cf unfit in the struggle to live. 

Nematocyst. A stinging capsule in coelenterates, produced in a cell 
the endoblast. 


Nephridiopore. The outer opening of an excretory tubule or 
nephridium. 

Nephridium. A tubular excretory organ found in annelids. 

Nephrostome. The inner ciliated funnel-shaped opening of the 
excretory tubule (Nephridium) to receive the waste material. 

Nerve. A bundle of nerve-fibres to carry impulses. 

Nen e-cord A compact cord made up of neurons and usually with 
ganglia, comprising the part of central nervous system. 

Neural. Refers to nervous system. 

Neuron A nerve cell with a cell body and its processes. 

Nictitating membrane. The third eye-lid. 

Nocturnal Active at night. 

Node of Ranvier. The place on a nerve-fibre where the medullary 
sheath is restricted. J 


Nomenclature. Naming of the organisms. 

Notochord A rod-shaped cellular body lying medially between the 

alimentary canal and the central nervous system in chordates 

Nucleolus. A large and deeply staining body inside he nucleus. 

Nucleoplasm. The dense gelatinous material of the nuchus. 

Nucleus A central mass in the protoplasm of a cell containing 
chromatin and controlling the various activities of the cell containln g 

m.XfJhoA” i ""”“ “■« i" '"><*•> *tb «r.d 0 .l 


u 


foran ; en Joe wide hole in the mammalian pelvic girdle 
Occipital condyle A knob at the base of the skull of a vertebrate 

Odontoid. A peg-like process on the centrum of the axis vertebra ' 
Oesophagus. The gullet or food pipe vertebra. 

Omnivorous. Feeding on foods of both plant and animal oriein 
Ontogeny. The developmental history of an individual 

252?; T P C r COVer ° f the Si " S in fiSh£S and 0f the She " iQ Snails 

upntnalmic. Pertaining to eye. 

Optic. Pertaining to the eye or sight. 

m,dbrai i n. IObeS ' R ° U " ded ° f ° Val bodies ° n the dorsal side of the 


Oral. Referring to the mouth. 

Orbit. The socket of the eye. 

Order. A subdivision of the class in taxonomy. 


GLOSSARY 


511 


of 


Orean. A group of tissues for some specific function. 

Organ of corti. The special organ of hearing m mammalian ear. 

Organism An independent living thing. 

Organelle. A part of the protozoan body performing a definite 
function. 

Osseous system. The skeletal system. 

Ossicle. Small bones in the middle ear. 

Ossification. The process of bone formation. 

8S ear of verb*,..,, 

8,’S. T TheXa'.E“”‘ir.er eggs from lire ovary to the exterior 

° r Oviparous. Animals which lay eggs. 

Ovum. The female gamete. 

P 

Palaeontology. The study of past life from fossils. 

Palate. ' The i roof th « m ° ' of the mouth parts of insects. 

Pa'p. A J°‘ nted f ^ r c ° um endocrine gland. 

Any small P^'Pthide'the glossa. 

another organism. 0 r t h e small ductless glands near the thyroid. 
Parathyroid. One f U substan ce filling space between organ* 
Parenchyma. Soft c ^ aI | s Q f the coelom. 

Parietal Refern g , t of an egg without feitilization. 

Parthenogenesis. The aevd p 

Patel ia. T^ease’-producing organism. 

Pathogen. D'^eas J djseased tissues . 

forelintbs .i.b 

pectoral girdle. 

..^rfebral column. ■ r a ppendages in arachnids. 

Ve pcdipalP Jhe seoond u pa.r of app ane g f ^ acellular body asm 

rol.rg.rl rnrt of . 

pelvis. /VIUC1 . . 

n.Mvic girdle. . t , rv organ of a male animal. 

Pe ' penis. The copu.atory org ^ ^ fipger , 

Pentadaety.e. men t in earthworm. . 

peristoniiom^ ^r n ‘ sp f iU i n g enzyme in gastric juice. 

SS - .he sides of the 

perineal. Per a 
anus in rabbit. 
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Periosteum. The outer covering of the bone. 

Peripheral. Towards the surface or away from the centre. 

Perisarc. Non-cellular covering of the hydroid. 

Peristalsis. Forcing the food along the intestine by rhythmical cont- 
ractions of intestinal walls. 

Peritoneum. A thin mesodermal membrane lining the abdominal 
cavity and covering the viscera in chordates. 

Pes. Foot. 

Phalanges. Bones of the digit. 

Pharynx. The space between the mouth cavity and gullet. 

Phrenic. Pertaining to diaphragm. 

Phylogeny. The study of the origin and relationships of different 
groups and races of animals. 

Phylum. One of the main divisions of the animal kingdom. 
Physiology. The study of functions of oragns. 

Pia-inater. A thin vascular covering of the brain and spinal cord. 
Pigment. The colouring substance. 

Pineal body. A dorsal projection from the diencephalon. 

Pinna. The outer ear. 

Pituitary body. An endocrine gland on the floor of the brain. 

Placenta. The vascular membrane which connects the embryo with 
the uterus. 

Plantigrade. Walking on the soles of feet. 

Planula, A free living ciliated larval form of coelenterates. 

Plasma The liquid part of blood or lymph. 

Pleura. Membranes surrounding the lungs. 

Pleural. Pertaining to the cavity which contains lungs. The mem- 
brane covering the lungs and lining the pleural cavity. 

Plexus. A network of nerves or blood-vessels. 

Pneumogastric. Another name for vagus nerve. 

Poikilothermal. A cold-blooded animal having variable temperature 
Pollex The inner digit of the fore-limb. 

Polymorphism. Having many types of individuals. 

Polyp. A feeding zooid with tentacles and mouth. 

Pons varolii. A transverse bridge of nervous matter below the 
medulla oblongata connecting the right and left lobes of cerebellum. 
Post-axial. The outer side of the limb. 

Portal system A system of blood-vessels that begin and end in capi- 
llaries. 

Portal-vein. The vein that forms capillaries before reaching the 
heart. 

Post-caval vein. Vein that brings blood from hinder part of the 
body. 

Posterior. Away from front end or the head. 

Postzygapophysis. A process on hinder side of vertebra. 

Pre-axial. The inner side of the limb. 
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Pre-caval. Vein bringing impure blood from the anterior part of 
body. 

Predaceous. Animal that preys on others for food. 

Proglottis. A segment of a tapeworm. 

Prophase. The first stage in mitosis. 

Prostate gland. One of the male reproductive glands producing 
part of the semen. 

Prostomium. A projection in front of the mouth. 

Protein. One of the basic food substances found in protoplasm. 

Protoplasm. The living substance. , 

Proximal. Nearest to the main axis or point of attachment to the 

ma pseudocoel. A body-cavity nor lined by peritoneum. 

Pseudopodium. Temporary protoplasmic projections formed by 
amoebae for locomotion. 

Pulmonary. Pertaining to lung. . . 

Pupa. The inactive stage between the larva and the adult in insects 

with complete metamorphosis. 

Ptyalin. An enzyme of saliva. 

SSI "A ... recurs .... 7, Sours. 

(4th Queen- The fertile female in the colony of social insects as bees. 

B a d uT s y m life P y” ‘ ^ avi ng °si m i la r l p a r t ° a rr an g e d like the spokes of 
a cycle wheel. 

Ramus. Half of a jaw. conncct ing the sympathetic ganglion 

Rainus comniumcans. /v 

with spinal nerve. tjtion j n the development of an individual 

Recapitulation. Kepet u . 

organism of its ances r ha racter t bat manifests only when both its 

Recessive character. A cue 


eye. 


genes are similar of the intestine 

Rectum, The las p ri ^ four straight muscles of the 

Rectus rauscle f i a ° va l stages of flukes. 

Redia. One of maturation division of a germ cell in which 

Reduction division red uced to haploid number. 

,he chromosomes ar f eating on e’s own faeces as in rabbit. 

Refection. The h c response to a stimulus without the will 

Reflex action. An am 

of an animal. R wt h of the lost part. 

Regeneration. 



514 


ZOOLOGY 


Renal. Pertaining to kidney. 

Rennin. An enzyme of gastric juice that curdles milk. 

Reproduction. The production by an organism more individuals 
of its kind. 

Respiration. The exchange of gases between cells and their surround- 
ings. 

Response. Reaction to a stimulus. 

Retina. The innermost sensory layer of the eye-ball. 

Rhinal fissure. A grove on the ventral side of the cerebral hemi- 
sphere. 

Rods and cones. The receptor cells in the retina of the eye. 

Rostellum. Anterior projection of the scolex in tapeworm. 
Rudimentary. Underdeveloped functionless organs. 

Ruminant. A cud-chewing mammal as the cattle. 

S 

Sacculus rotundus. A somewhat rounded structure at the end of 
small intestine. 

Sacrum. Bone formed by the fussion of sacral vertebrao in the 
pelvic region. 

Sagittal section. A median longitudinal vertical section. 

Saliva. Secretion of salivary gland. 

Salivary gland. Digestive glands in buccal-cavity. 

Sarcolemma. A thin membrane covering a striated muscle-cell. 
Sarcoplasma The cytoplasm of a muscle-cell. 

Schizogony. Division of schizont into merozoites. 

Schizont. A cell ready for division into many parts. 

Sciatic. Pertainning to thigh. 

Sclerite. Hardened body wall plate as in Arthropoda. 

Sclerotic. The dense fibrous outer coat of the eye-ball, 

Scolex. The knob-like head of tapeworm. 

Scrotum. The sac that contains testes. 

Sebaceous gland. An oil-secreting gland associated with hair 
follicle. 

Sebum. The oil. 

Secondary sexual characters. The features other than reproductive 
organs, by which male and female of a species differ. 

Sedentary animals. The fixed animals. 

Segment. One part of a segmented animal. 

Segregation. Separation ot homologous chromosomes and genes 
during gamete formation. 

Self-fertilization. Fusion of male and female gametes of the same 
individual. 
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Semen. The fluid that carries the spermatozoa in most male 

^Semicircular canals. The equilibrium-maintaining canals of the 
vertebrate ear. 

Seminal. Pertaining to spermatozoa. 

Sensory cell. A cell sensitive to stimuli. 

Serum" A dear° Hquid which separates from blood when a clot is 

fOF Sesamoid bone. A small bone developed by ossification in the 

'“setae. Minute bristles embedded in the body-wall of annelids like 
earthworm. 

Sigmoid notch. A deep -groove in the ulna for humerus. 

Species! “a divfsfon^f' ‘a genus In dSsitoSon of animals, including 

ind |SLr rm A°sa O c 0n thaf SftKS stores sperm, in the female 
^ Sphincter. A ring of smooth muscles round an aperture to control 
US Spinal column. The backbone or vertebral column. 

SSL- T S — — Ml1 

diV SpiLe. An opening of trachea, system in insects ; firs, gi.l-s.it in 

"Ip^n 011 Ace organ lying near the stomach in which the red blood 

corpuscles are stored d by djvision of the z ygot. in 

Sporozoite. A minute uuu> 

malarial parasite. balancing organ of medusa. 

An'enzyme of pancreatic juice, acts on fats, now calle 

Centum The *~**%£^^ 

Stimulus. A cba . nB t e e ;.n or en p‘ r rof the alimentary canal lined by 

Stomodaeum. Anien k 

ectoderm. outer horny layer of the skin. 

Stratum conieum- Th^ )ayer of epi dermis. 

Stratum malpigUi of volunta ry muscle. 

Striated muscle^ The S ^ P |eading to the arm. 

Subclavian -^ Artery ^ 

Subcutaneous. Beneat^ 

Succuss entericus. 
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Supra Above. 

Symbiosis. The living together of two ditTerent organisms. 
SympysU. The union of bones in the median line. 

Synapsis. The pairing of homologous chromosomes during meiosis. 
Syrinx. A sound producing organ situated at the junction of trachea 
and the bronchii. 

System. A group of organs working together. 

Systole. The contraction of the heart. 

T 

Tactile. Pertaining to the sense of touch. 

Tarsus. The distal part of the leg in insects. 

Taste bud. Receptor organ of taste. 

Taxonomy. The science that deals with the classification of organi- 
sms. 

Telophase. The last stage of mitosis in which the cell divides. 
Temporal lobe. The lateral lobe of the cerebral hemisphere. 

Tendon. A tough connective tissue binding the muscle to a bone. 
Tentacle. A flexible filament-like structure as in Hydra * 

Tergum. One of the dorsal plates of exoskeleton in the arthropods. 
Terrestrial. The land forms. 

Testis. The male sex organ that produces sperms. 

Testosterone. Male hormone secreted by the testis. 

Thalamencephalon. Another name for diencephalon. 

Thoracic. Pertaining to the chest. 

Thorax. The chest or the part of the body behind the head or neck. 
Thymus. A ductless gland below thyroid in mammals. 

. ^ gland in the neck of a vertebrate. 

Thyroxine. Secretion of the thyroid gland. 

Tissue. A group of cells performing a definite function 
Toxin. A poisonous substance. 

Trachea. The wind pipe carrying air from the pharynx to the lungs. 

Trichocyst. Small bodies in the ectoplasm of certain ciliates. 

Tricuspid. A valve of three flaps between the right auricle and 
right ventricle 

Triploblastic When an animal develops from three germinal layers. 

Trochanter. The second segment of the leg of an insect between the 
coxa and femur. 

Trophozoite. The feeding stage in the malarial parasite. 

Tryspin. An enzyme of pancreatic juice, converts proteins into pro- 
teoses and peptones. K 

Iurbinals. 1 he coiled scroll-like bones in the olfactory capsules in 
mammals. 
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Tympanum. The eardrum. 

Tympanic cavity. The cavity of the middle ear. 

Typhlosole. A mid-dorsal fold in the intestine of earthworm. 

U 

Unguligrade. Animal that walks on the tips of the digits. 
Unicellular. One-celled organism. 

Unisexual. Pertaining to one sex only, i.e., male or female. 
Unstriated muscles. The muscle cells without transverse lines. 

Urea. The nitrogenous waste material. 

Ureter. The duct which carries urine from the kidney to the urinary 

bladder or cloaca. . . , A , 

Urethra. The duct that carries urine from bladder to external open- 
ing in the body. 

Urinary bladder. A sac that stores urine. 

Urine. The liquid waste filtered from the blood in the kidney and 

excreted by the bladder. . . , 

Uriniferous tubule. A fine coild tube in the kidney. 

Uterus. An enlarged posterior portion of the oviduct in which eggs 

are retained for development. 

Utriculus. The upper chamber of the internal ear. 

V 

" '1Z7 'z:i • t 

among the individuals of the same species. 
Vascular. Pertaining to blood-vessels. 

IZ ^ testis to the vas 

de Tei„ S . 0r A ki v d es e se y . carrying Wood towards the heart. 

The large vein entering the heart. 

Vena cava, ine 

ess. T r.r,uS:, * 

Z IT A small branch of the vein. 

v v «r: “ 

Vibrissae. Long ojec tions of the intestinal wall. 
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Vitreous humour. A clear jelly-like mass behind the lens in a verte- 
brate eye. 

Viviparous animals. The young arc born alive. 

Vocal chords. Sound producing cords in larynx. 

Voluntary muscle. The muscle controlled by the will of an organism. 

W 

Warm-blooded. Animals (Birds and Mammals) whose body tempera- 
ture remains constant irrespective of the atmospheric temperature. 

White corpuscle. Irregular, colourless cells of the blood, or Leucocy- 

tcs. 

White fibres. Bundles of inelastic unbranched wavy fibres in the 
areolar tissue. 

White matter. Nervous tissue containing nerve fibres only. 

Y 

Yellow fibres. Branched elastic fibres of areolar tissue. 

Yolk The food material in the egg. 

Z 

Zoogeography. The branch of zoology that deals with the geographic 
distribution of animals. 

Zooid. Kind of an individual in a hydroid colony. 

Zoology. The study of animal life. 

Zygote. A fertilised egg or a cell formed by fusion of male and 
female gametes. 


APPENDIX 

PUNJAB UNIVERSITY QUESTION PAPERS 
Pre-Medical— Biology Paper B (Zoology) 

APRIL, 1968 


1 . Describe the structure of medusa of Obelia. How does it differ 

from its polyp ? rr »H„rtive organs of Pheretima posthuma in 

2. Describe the rep What is the advantage of being 

relation to the segments of the body. 

hermaphrodite to th.s arnma ■ in cockroach. In 

3. Give an account of the resp^ y > ^ ? Which of the tvvo 
what respects does it ditter trom 

is more efficient and why / 

4 (a) Describe the functions of blood in a vertebrate. 

)w\ Tabulate the differences between an artery and a vein. 

^ -illustrated account of brain of rabbit. Indicate the 

5. Give an. .Uostrated amount ^ ^ structure 

^ Describe in detail the urinogenital system of female rabbit 

% wX wb» you know .boo, 

How does it d'ffer f tom the ^ (he fo n owi n g 

CoelTm, ‘Placenta, Dental formula, Pectora. girdle of Rabbit, Coral, 

Hyla, Spider and Kangar 00 - J969 

ns Illustrate your answers with neat and 
Attempt any five question . 

accurately labelled about Meiosis in a,i animal cell. WhaUs 

1 Write 3“ you . ~ 

the significance of Meiosis microscop jc structure of Paramecium. 

2 Describe In deta and osmo-regulat.on m 

Write all you know about loco 

this animal. inscribe this phenomenon with referen 

What is Metagenes^c'^o^ai coe lenterate studied by you. 2>6>2 

r sigSnce^f this phenomenon to .the an;mt , . anrf , itI 

the 4. 8 Describe the between the 

that of Earthwom.. ^Uate and that of a vertebrate 
nervous system ot an 

n 519 
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5. Give an account of the afferent blood vessels of Rabbit. What 

is the difference between blood and lymph ? 8,2 

6. Describe the structure of the Mammalian ear and show how it 

performs the functions of perception of sound and maintenance of 
equilibrium. 6,4 

7. What do you understand by Organic Evolution ? Discuss the 
Embryological or Anatomical evidences in favour of this doctrine. 2,8 

8. Write notes on any five of the following : 

(a) Central apparatus ( b ) Islands of Longer /tans, (c) Labium of 
Cockroach (d) Larynx of Rabbit, (e) Vagus nerve of Rabbit. (/) 
Euglena (g) Pliysalia (h) Leech. (/) Draco volans. ( j) Whale. 10 


APRIL, 1970 


Attempt any five questions. Illustrate your answers with neat and 
labelled diagrams. 

1. Write an illustrated account of Mitosis in an animal cell. How 

does it differ from Meiosis ? 8,2 

2. Describe the process of Conjugation in Paramecium. What is 

its significance ? 8,2 

3. Describe the medusa of Obelia. How does it differ from the 

polyp ? 6,4 

4. Draw a labelled sketch showing the reproductive organs of Phe- 
retima. What is the advantage of hermaphroditism to the animal. 8,2 

5 . Describe the structure of blood in Rabbit. What are the 

functions of blood ? 7,3 


6. What is digestion ? Describe the process of digestion in 

Rabbit. 2,8 

7. Enumerate Mendel s law ot Heredity. Discuss any one of these 

in detail. 4 5 


8. Write notes on any four of the following: — 

Planaiia, Rat Elea, Echidna, Island of Langerhans, Malpighian 
tubules ot cock roach. Cerebrum. 


APRIL, 1971 

Attempt any live questions. All questions carry equal marks. 

I Give an illustrated account of the skin of frog with a note on 
the t unction it plays during hibernation. 

•t-J • 1 itc clCtidllcv_l Mild 1 list r'ifpH qrpmint p *1 1 • .• , 

of Pherctimn 0 account of the digestive system 

IH. Describe the organs of reproduction in cockroach. 

process "of ^digestion and^xcretion. ^ iiramaeciu,n and write notes on the 
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V. Give a detailed and illustrated account of the male reproductive 
system of rabbit. 

VI. Make a neat and labelled sketch of the venous system of rabbit. 

VII. Enumerate theories in favour of Organic Evolution and discuss 
the theory of Natural Selection in detail. 

VIII. Write short notes on any four of the following : — 

Physalia , Sepia, Sting ray, Draco , Kangroo, RNA, Body louse. 


PANJABI UNIVERSITY QUESTION PAPERS 
Pre-Medical Biology — Paper B (Zoology) 

APRIL, 1968 

N 0t e Attempt any Five questions. All questions carry equal marks. 
1 Describe briefly the various methods of asexual reproduction 
in the Protozoan types you have studied. 

2. Distinguish between any four of the following 

. . ;vi c and Endomixis. ( b ) Exocrine and Endocrine glands 
(c Bilateral symmetry and Radial symmetry, (d) Blood of frog and 

that of rabbit, (e) Non-Chordata and Chordata. 

3 . What is ‘Metagenesis’ ? Explain it with reference to the l.fe- 
history ° f e ^'“' the p 0i iti 0 n and functions of any four of the following 

organs in Plieretima posthuma 

cutellum. Lymph Glands, Spermathecae, Brain, Gonads. 

Describe in order the cerebral nerves of rabbit, giving their 
• ; distribution and nature. 

° r T’ Make labelled diagrams of any two of the following 

Alimentary canal of cockroach, (b) Arterial system of rabbit. 

c intestine of frog. . 

( , Enunciate the theories of Organic Evolution. Explain that which 

think to be most convincing. 
y ° U x Write short notes on any four of the following 

rJZZ, Nematocysts, ^ — Torto.se, Placenta. 

" APRIL, 1969 

nnv nve questions. AH questions carry equal marks. 

Note ■■- A,,em ?‘f r Zth suUabie diagrams. 

Illustrate your answer , tion of generations’ ? Explain it with 

1 • « & ™fe-history of PLASMODIUM. 

"rStLEuish between any four of the following 

(fl) Symbiosis and Commensalism. 
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( b ) Proteolytic and Amylolytic ferments. 

(c) Motor and Sensory nerves. 

(d) Culex and Anopheles. 

(e) Polyp and medusa of Obelia. 

3. Describe the position and functions of the following : 

Trichocysts, Statocysts, Setae, Colletrial glands, Semi-lunar 

valves. 

4. Describe the Reproductive System of Pheretima. How is 
self-fertilization rendered impossible in this animal ? 

5. Give a detailed account of the digestive system of Cockroach. 

6. Make labelled diagrams of any two of the following : 

(a) Internal structure of the heart of Rabbit or Sheep with 
arrows indicating the flow of blood. 

(b) V.S. through the mammalian Skin. 

(c) Male urino-genital system of rabbit. 

7. What is Heredity ? Explain Mendel’s laws of Heredity. 

8. Write short notes on any four of the following : — 

Taenia , Scorpion, Dog-fish, Egg-laying Mammals, Retina, 
Lumbar vertebra. 


APRIL, 1970 

1. Describe the form and structure of Paramecium. What are the 

features in which it shows morphological and physiological advance 
over amoeba. 

2. What do you understand by the physiological divisio'n of labour ? 
Illustrate your answer with reference to Obelia. 

Can you explain that the polyp and medusa of Obelia are strictly 
homologous structures. J 

3. Give a brief account of the differences between the earthworm 

and cockroach as regards locomotion, feeding, body-cavity and respi- 
ration. F 


4. Describe the nervous system of cockroach. What 

differences between the nervous systems of invertebrates 
rates ? 


are the main 
and verteb- 


5. What are replacing and membrane bones 9 Give 
examples of these bones in the skull of rabbit. ‘ 

Describe in detail the structure of the eye of rabbit. 


as many 
Or, 
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6. Make a labelled diagram of any two of the following 
(<i) T. S. stomach of frog. 

( 6 ) Venous system of rabbit. 

(c) Reproductive system of Pheretima. 

7 . Write a paragraph on any two of the following : 

Vestigial organs, Variations, Law of segregation. 

8 . Write short notes on any four of the following 

Leech, Crab, Prompters, Kangaroo, Heversian system. Graafian 

Follicles. 


APRIL, 1971 

( A itomnt anv Five questions of the following, (ii) All questions 
carry eguTmarks. \ni) Vaw neat and labelled diagrams wherever 

neC T a Z HOW win you obtain Amoeba and Paramecium for study 

in the laboratory ? . . . 

, b) Describe the process of locomotion and nutnt.on m Amoeba 

and Paramecium. 

? Describe this phenomenon with refer- 

„ W r ik “ Obeli.. « » 11. *"*•«• “J3 

Describe lb. «1»~> ««-■ f £ 

well-adapted to its burrow.ng mode of life « 6 , 2,2 

agriculturists ? r „ nir atorv sytem of cockroach. In what 

,‘,s .« zr^nxrrsu - . »» , 

“ 5 ' ' d“'w •»*«»- ' >r * h ' V.S..bl.iofr.bblb 

GiV£ <h D^ti ng uish ‘between any four of the following : - 10 

Replacing and membrane bones. 

Arteries and Veins. 

Proteolytic and Amylolytic ferments. 

Blood and Lymph. 

Larynx and Pharynx of rabbit. 

(v0 Ileum and Qrganic Evolution 7 Discuss the 

7. What do . y° u favour of this doctrine. ’ 

Anatomical eviden foU r of the following 10 

8 - s“L..de„ K. w ». Neniai.cy.is. 0„e, «.<» 


6 . 

(/) 

(») 

(Hi) 

(iv) 

(v) 

(VI) 


action. 
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KURUKSHETRA UNIVERSITY QUESTION PAPERS 
Pre-Medical Biology — Paper B (Zoology) 

APRIL, 1967 


Attampt any Five questions. Illustrate your answers with neat, 
accurate and labelled diagrams where necessary. 

1. Describe conjugation in Paramecium. How does it differ from 
endomixis ? 

2. Describe the ectodermal modifications met with in Hydra. 

3. Give a detailed account of the reproductive system in Pheretima. 

4. Give a detailed account of the respiratory system of cockroach. 

5. Describe the skin of rabbit and compare it with that of frog. 
Can you give reasons for the difference ? 

6. Describe the digestive system of rabbit. 

7. Give a brief classification and write short ecological notes on : — 
(<v) Coral ; ( b ) Liverfluke ; ( c ) Leech ; (d) Dogfish ; (e) Pigeon. 

8. Explain Mendel's Law of segregation and illustrate it with an 
example. 

9. What is organic evolution ? What proofs can you give in its 
favour from the comparative anatomy of animals ? 

10. Write short note on 

Trichocyst ; Velum ; Mushroom-shaped gland ; Setae ; Retina. 

APRIL; 1968 

1. (a) Draw a labelled diagram showing the structure of an animal 

cell. 

(b) Distinguish between mitosis and meiosis (diagrams and detailed 

descriptions are not required). 

4m<vA ( / DCSCribe ' separately, locomotion and mode of feeding in 


II, e lifc-Sdry o“" ° f SCnCra,ions 7 Il,ustrate thc Phenomenon in 
habits andhabhat eXter " al d ’ il,acKTS of 3,1 earlhw o™ and describe its 


roach DcSCnbe thc di » es,ivc b >' stem or the nervous system of cock- 

6. Give a detailed account of the life-history of the silkmoth. 

7. Draw a labelled diagram showing the internal ur.i^„ M nf .1 

hear, of rabbit. Show the course of bloJd “Son b? meal rf 
arrows in the diagram. qr ^ means or 

Desciibe the male urinogcnital system of rabbit. 

<S - Write shorl noles on any Jour of the foliowino 

N a tu rafselection m mali n Hibernation, Aves, Mutation, Gene, 
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GURU NANAK UNIVERSITY PAPERS 
Pre-Medical Biology— Paper B (Zoology) 

APRIL, 1971 

Attempt any five questions. Illustrate your answers with suitable 

diagrams procure Paramecium in the laboratory ? 

Describe in detail the structure, locomotion and asexual reproduct. 

this protozoon. . „ 

2. Tabulate the differences between the following 

(a) T. S. of Intestine and T. S. of Stomach. ^ 

' (b) T. S. Vein and T. S. of Artery. ’ 

3. Make labelled sketches to show the male and female reproduct- 
ive organs in cockroach. female cockroach ? 4 . 4.2 

How does a male cockroach differ from 

4. Describe the following in Pheretima 

(#) Structure and functions of the skin. 

(b) A septal Nephridium. 4,4,2 

(c) Copulation and cocoon formation. m ~ h anism of 

5. Sve an account of the Respiratory organs and mechamsmof 

respiration in Rabbit. ventricles of Rabbit’s 

6 Describe the course of blood trom 6,4 

h “" sc, “ ,i ° n - 10 

»• Wrl “ * l '°" 7 “' 7,!:C N f em'to°y°t. SpM«, S»lWon. 

Cerebellum, Blastostyle, 

Nereis, Flying fox. 





